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THERAPEUTIC APPLICATIONS OF 2 -SUBSTITUTED 4-.HETER0ARYLRYRIMIDINES 

The present invention relates to new therapeutic applications of 2-substituted 4-heteroaryl- 
pyrimidines. 

5 

BACKGROUND TO INVENTION 

Certain 4,5,6-substituted-N-(snbstituted-phenyl)-2-pyrimidineamines having anti-asthtnatic 
properties are disclosed in EP-A-233,461. Certain 4-heteroaryl-N-(3-substituted-phenyl)-2- 
pyridineamines possessing anti-proliferative properties and inhibiting protein kinase C, 
10 epidermal growth factor receptor-associated tyrosine protein kinase (EGF-R-TPK), as well 
as CDKl/cyclin B have been disclosed in WO95/09847 wherein the exemplified heteroaryl 
groups are pyridyl and indolyl. 

J. Med. Chem. (1993) Vol. 36, pages 2716-2725, Paul, R. et al discloses a fiirther class of 
phenyl amino-pyrimidines possessing anti-inflammatory activity. These compounds 
15 include mono-substituted 2-thienyl groups at the 4-position of the pyrimidine ring and 
dimethyl-3-furyl groups at this position. 

We have previously disclosed certain anti-proliferative thiazolo- and pyrrolo- 
anilinopyrimidines (WO 01/072745, Cyclacel Limited; WO 02/079193, Cyclacel Limited). 
The compounds disclosed therein were surprisingly found not to inhibit protein kinase C. 

20 . 

The present invention relates to previously undisclosed therapeutic applications of 2- 
substituted 4-heteroaryl-pyrimidines, 



STATEMENT OF INVENTION 
25 A first aspect of the invention relates to the use of a compound of formula I, or a 
pharmaceutically acceptable salt thereof, 
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H 
I 

wherein 

(A) one of X and Y is S, and the other is N; or 

5 one of X and Y is NH or N-R^ and the other is C-R^; 

"a" is a single bond; 

"h", "c", "d", "e" and "f ' are single or double bonds so as to form a heteroaiyl ring; 
is is R' with the proviso that R^ is other than H or Me; or 

(B) oneofXandYisS,andtheotherisNHorN-R^ 
10 "a" and "d" are each double bonds; 

"b". "c", "e" and "f ' are each single bonds; 
R^ is oxo; and 

R^ R^ R'*, R^ and R^ are each independently H or r'; 

15 

R^ is a gcovp (CH2)n-R*» wherein n is 0, 1, 2, 3 or 4 and wherein R* is selected from alkyl, 
aryl, heteroaryl, heterocycloalkyl, F, CI, Br, I, CF3, NO2, CN, OH, 0-alkyl, 0-aryl, O- 
heteroaryl, O-heterocycloalkyl, CO-alkyl, CO-aryl, CO-heteroaryl, CO-heterocycloalkyl, 
COO-alkyl, NH2, NH-alkyl, NH-aryl, N(alkyl)2, NH-heteroaryl, NH-heterocycloalkyl, 
20 COOH, COISIH2, CONH-alkyl, C0N(alkyl)2, CONH-aryl, CONH-heteroaryl, CONH- 
heterocycloalkyl, SO3H, SOa-aUcyl, S02-aryl, S02-heteroaryl, S02-heterocycloaIkyl, 
SO2NH2, S02NH-alkyl, S02N(alkyl)2, S02NH-aTyl, S02NH-heteroaryl, or SO2NH- 
heterocycloalkyl, wherein said alkyl, aryl, heteroaryl, and heterocycloalkyl groups are 
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Optionally substituted with one or more groups selected from halogeno, NO2, OH, O- 

methyl, NH2, COOH, CONH2 and CF3; 

in the preparation of a medicament for treating diabetes. 

5 A second aspect of the invention relates to the use of a compound of formula I, or a 
pharmaceutically acceptable salt thereof, as defined above in the preparation of a 
medicament for treating a CNS disorder. 

A third aspect of the invention relates to the use of a compound of fomiula I, or a 
10 pharmaceutically acceptable salt thereof, as defined above in the preparation of a 
medicament for treating a cardiovascular disorder. 

A fourth aspect of the invention relates to the use of a compoimd of formula I, or a 
pharmaceutically acceptable salt thereof, as defined above in the preparation of a 
15 medicament for treating a stroke. 

A fifili aspect of the invention relates to the use of a compound of formula I, or a 
pharmaceutically acceptable salt thereof as defined above in the preparation of a 
medicament for treating alopecia. 

20 

A sixth aspect of the invention relates to a method of treating a GSK3-dependent disorder, 
said method comprising administering to a subject in need thereof, a compound of formula 
I, or a pharmaceutically acceptable salt thereof, as defined above in an amount sufficient to 
inhibit GSK3. 

25 

DETAILED DESCRIPTION 

As used herein, the term ''alkyF' includes botii saturated straight chain and branched alkyl 
groups which may be substituted (mono- or poly-) or unsubstituted. Preferably, the alkyl 
group is a Ci-20 alkyl group, more preferably a Cms, more preferably still a Cm2 alkyl 
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group, more preferably still, a Ci-6 aUcyl group, more preferably a C1.3 alkyl group. 
Particularly preferred alkyl groups include, for example, methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, tert-butyl, pentyl and hexyl. 

5 As used herein, the term "aryl" refers to a substituted (mono- or poly-) or unsubstituted 
monoaromatic or polyaromatic system, wherein said polyaromatic system may be fused or 
unfused. Preferably, the term "aryl" is includes groups having from 6 to 10 carbon atoms, 
e.g. phenyl, naphthyl etc. More preferably, the aryl group contains 6 carbons, for example, 
a phenyl group. The term "aryl" is synonymous with the term "aromatic". 



As used herein, the term *lietCToaryl" refers to five- and six-membered aromatic rings 
containing up to 4 heteroatoms, each independently selected fi-om N, O, and S. Preferred 
heteroaryl groups include pyrrole, pyrazole, pyrimidine, pyrazine, pyridine, quinoline, 
thiazole, thiophene and furan. 



As used herein, the term ^Tieterocycloalkyl" refers to saturated or imsaturated five- and six- 
membered cyclic systems containing up to 4 heteroatoms each independently selected firom 
N,0,andS. 

20 In one preferred embodiment, the invention relates to the use of a compound of formula la, 
or a pharmaceutically acceptable salt thereof, 



10 



15 




H 



la 



wherein • 



25 one of X and Y is N and the other is S; or 
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one of X and Y is NH or N-R^ and the other is C-R^; 

R' is R' with the proviso that R* is o&er than H or Me. 

5 R^ R\ R^ R^ and R* are each independently H or R^; 

R' is a group (CH2)n-R^ wherein n is 0, 1, 2, 3 or 4 and wherein R^ is selected from alkyl, 
aryl, heteroaryl, heterocycloalkyl, F, CI, Br, I, CF3, NO2, CN, OH, 0-alkyl, 0-aryl, O- 
heteroaryl, 0-heterocycloalkyl, CO-alkyl, CO-aryl, CO-heteroaryl, CO-heterocycloalkyl, 

10 COO-alkyl, NHj, NH-allcyl, NH-aryl, N(alkyl)2, NH-heteroaryl, NH-heterocycloalkyl, 
COOH, CONH2, CONH-alkyl, C0N(alkyl)2, CONH-aryl, CONH-heteroaryl, CONH- 
heterocycloalkyl, SO3H, S02-alkyl, S02-aryl, S02-heteroaryl, S02-heterocycloalkyl, 
SO2NH2, S02NH-alkyl, SOzNCalkyl}?, S02NH-aryl, SOzNH-heteroaryl, or SO2NH- 
heterocycloalkyl, wherein said alkyl, aryl, heteroaryl, and heterocycloalkyl groups are 

15 optionally substituted with one or more groups selected from halogeno, NO2, OH, O- 
methyl, 1SIH2, COOH, CONH2 and CF3; 
in the preparation of a medicament for treating diabetes. 



Preferred compounds of the invention include those of formula Id, le. If, Ig, Ih and li 
20 shown below. 
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H H 



5 For compounds of formula la, in a first prefared embodimait, X is N and Y is S; or X is 
NHorN-R^andYis C-R^ 

Preferably, for said first preferred embodiment: 

is selected from CN, CONH2, NO2, halo, CH2N(alkyl)2, 0-alkyl, NH2 and NH-alkyl; 
10 R^ is selected from NO2, H, OH, halo and alkyl; 

R^ is selected from H, halo, OH, CF3, alkyl, N(alkyl)2, 0-alkyl, heterocycloalkyl and 

COO-alkyl; 

R* is alkyl; 
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R^isHoralkyl; and 
is alkyl. 

Even more preferably, for said first preferred embodiment: 
5 R' is selected from CN, CONHj, NO2, Br, CI, CH2NMe2, OMe, NH2 and NHMe; 
R^ is selected from NO2, H, OH, I, Me, F and CI; 

R^ is selected from H, F, OH, CF3, 1, Me, CI, NMe2, OMe, moipholino and COOEt; 

R'^isMe; 

R^ is H or Me; and 
10 R* is Me. 

For compounds of fonnula la, in a second preferred embodiment, X is NH or N-R^ and Y 
is C-R^ 

15 Preferably, in said second preferred embodiment, 

R^ is selected from CN, CONH2, NO2, halo and CH2N(alkyl)2; 

R^ is selected from NO2, H, OH, halo and alkyl; 

R^ is selected from H, halo, OH, CF3, alkyl and N(alkyl)2; 

R'* is alkyl; 
20 R^ is H or alkyl; and 

R^ is alkyl. 

Even more preferably, in said second preferred embodiment, 
R^ is selected from CN, CONH2, NO2, Br, CI and CH2NMe2; 
25 R^ is selected from NO2, H, OH, I, Me and F; 

R^ is selected from H, F, OH, CF3, 1, Me, CI and NMe2; 
R'* is Me; 

R^ is H or Me; and 
RSsMe. 
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More preferably still, in said second preferred embodiment, 
R' isCNorC01SIH2; 
RMsN02orH;and 
is For Me. 

5 

In a tiiird preferred embodiment of the invention, X is N and Y is S. 

For said third preferred embodiment, preferably, 
R' is selected from halo, NH2 and NH-allcyl; 
10 R^ is selected from NO2, H, OH, halo and alkyi; 

R^ is selected from H, halo, OH, alkyl, N(alkyl)2, 0-alkyl, heterocycloalkyl and COO- 

alkyl.; 

R" is alkyl. 

15 More preferably, in said third preferred embodiment, 
R^ is selected from CI, NH2 and NHMe; 
R^ is selected from NO2, H, OH, Me and CI; and 

R^ is selected from H, F, OH, Me, CI, NMe2, OMe, morpholino and COOEt; 
R"* is Me. 

20 

More preferably still, in said third preferred embodiment, 

R2isHorN02;and 

R^sClorF. 



25 Another alternative preferred embodiment of the invention relates to the use of a 
compound of formula lb, or a pharmaceutically acceptable salt Hhsreof, 
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lb 



wherein one of X and Y is S, and the other is NH or N-R^; and 
5 are as defined above for formula I: 

in the preparation of a medicament for treating diabetes. 

In one particularly preferred embodiment, Y is S and X is NH or NR^. 

10 Preferably, for compounds of formula lb: 
is selected firom H, OH, NO2 and alkyl; 

is selected firom H, halogen, alkoxy, alkyl, N-(alkyl)2 and OH; and 
R'^andR^ are each independently alkyl. 

15 More preferably, for compounds of formula lb: 
R^ is selected firom H, OH, NO2 and Me; 
R^ is selected firom H, CI, F, OMe, Me, NMea and OH; and 
R"^ and R^ are both Me. 

20 In one especially preferred embodiment of the invention, the compound of formula I is 
selected fi-om compounds [l]-[26] and [28]-[39] listed below. 
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Another aspect of the invention relates to the use of one or more of the following 
compounds in the preparation of a medicament for the treatment of a GSK-dependent 
disorder: 

3,5-DimethyM-[2-(3-nitro-phenylamino)-pyrimidin-4-yl]-lH^ [1]; 
4-[2-(4-Fluoro-phenylamino)-pyrirQidin-4-yl]-3 ,5-dimethyl- lH-pyrrole-2-carbonitrile [2] ; 
4-[2-(4-Hydroxy-phenylandno)-pyriniiditi-4-yl]"3,5-dimethyl-lH-pyrr 
[31; 

3,5-Dimethyl-4-[2-(4-trifluorometfiyl-phenylamino)-pyriimdin-4-yl]-lH-^ 
carbonitrile [4]; 

4-[2-(4Jodo-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl-lH-pyrrole-2-carb [5]; 

4-[2-(3-Hydroxy-phenylaniino)-pyrinudin-4-yl]-3,5-dimethyl-lH-p^ 

[6]; 

3,5-Dimethyl-4-[2-(4-methyl-3-nitro-phenylamino)-pyrimidin-4-yl]-lH-pyn^ 
carbonitrile [7]; 

4-[2-(34odo-4-methyl-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl-l/^^ 
carbonitrile [8]; 

4-[2-(4-CMoro-3-methyl-phenylamino)-pyrimidin-4-yl]'3,5-dimethyl-lH 
carbonitrile [9]; 

4-[2-(3-Hydroxy-4-methyl-phenylaniino)-pyriniidin-4-yl]-3,5-dimethyl-^ 
carbonitrile [10]; 

4-[2-(4-Fluoro-3-methyl-phenylaiQino)-pyrimidin-4-yl]-3,5-dtoethy 
carbonitrile [11]; 

4-[2-(4-Dimethylamino-phenylamino)-pyrunidin-4-yl]-355-dimethyl-l^^ 
carbonitrile [12]; 

4-[2-(4-Fluoro-phenylamino)-pyriimdin-4-yl]-3,5-dimethyl-lH-py^ acid 
amide [13]; 

[4-(2,4-Dimethyl-5-nitro-lH-pyrrol-3-yl)-pyiimidin-2-^^^ [14]; 
N-[4-(2,4-Dimethyl-5-nitro-lH-pyrrol-3-yl)-pyrimidin-2-yl]-N^N-dimeA^ 
diamine [15]; 
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[4-(5-Bromo-2,4-dimethyl-lH-pyrroI-3-yl)-pyrimid [16]; 
[4-(5-Bromo-2,4-dimethyl-lH-pyiTol-3-yl)-pyriinidm [17]; 
[4-(5-CUoro-2,4-dimethyl-lH-pyrrol-3-yl)-pyrimidm^ [18]; 
[4-(5-Dimethylammome%l-2,4-dimethyl-lH-pyiTol-3-^^^ 
phenyl)-amine [19]; 

4-[2-(4-Dimethylamino-3-mtro-phenylainino>pyri^ 
carbonitrile [20]; 

N^-[4-(2,4-Dimethyl-5-nitro4H-pyiTol"3-yl)-pyrimi^^ 
benzene- 1,4-diamine [21]; 

4- [2-(3-Fluoro-4-methyl-phenylancuno)-pyriniidin 
carbonitrile [22]; 

5- [2-(4-CUoro-phenylamino>pyrimidin-4-yl]-3,4-dimethyl-3H [23]; 
5-[2-(4-Methoxy-phenylamino)-pyriniidin-4-yl]-3,4-dimethy^ [24]; 
5-[2-(3-Hydroxy-phenyiamino)-pyrimidin-4-yl]-3,4-dimethyl-3H-^ [25]; 
5-[2-(4-Diniethylamino-phenylaniino)-pyrimidin-4-yl]-3,4-dim 

[26]; 

(4-Huoro-phenyl)-[4-(2-methyl-4-phenyl-lH-pyn:ol-3-yl)-pyrimidm [27] ; 

5-[2-(4-Fluoro-3-mtro-phenylamino)-pyriniidin-4-yl]-3,4-dimeth^^ [28]; 
2-CWoro-4-[4-(4-niethyl-2-methylamino-thiazol-5-yl)-pyrimidin-^ acid 
ethyl ester [29]; 

[4-(2-Amino-4-niethyl-thiazol-5-yl)-pyrimidin-2-yl]-(3-^ 

3,4-Diniethyl-5-[2-(3-mtro-phenylaniino>pyrimidin-4-yl] 

5-[2-(4-Fluoro-phenylanmo)-pyrmiidin-4-yl]-3,4-dimethyl-3 [33] ; 

5-[2-(4-Hydroxy-phenylamino)-pyrimidin-4-yl]-3,4-dimethyl-3 [34]; 

[4-(2"CMoro-4-methyl-thiazol-5-yl)-pyrimidin-2-yl]-(3-nitro-ph^ [35]; 

3,4-Dimethyl-5-[2-(4-methyl-3-nitro-phenylammo)-pyrinii^^ 

[361; 

5-[2-(4-Fluoro-3-methyl-phenylamino)-pyrimidin-4-yl]-3,4-diniet^^ 
[37]; 
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4-[2-(4-Dimethylaiiiino-phenylainmo)-py)iaiid^ 
carbonitrile [38]; and 

4-[2-(4-Dimethylamino-3-nilxo-phenylamino)-pyri^ 
2-carbonitrile [39]. 

More preferably, said compound of formula I is selected from the following: 
3,5-Dimethyl-4-[2-(3-mtro-phenylamino)-pyrimidin-4-yl]-lH-pyrrole-2-c^^ [IJ; 
4-[2-(4Tluoro-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl-lH-pyrrole-2-ca^^ [2]; 
4-[2-(3-Hydroxy-phenylammo)-pyrimidin-4-yl]-3,5-dimethyl-lH-py^ 

16]; 

3,5-Dimefliyl-4-[2-(4-methyl-3-nitro-phenylamino)-pyrimidin-4-yl]-lH-^ 
carbonitrile [7]; 

4-[2-(4-Fluoro-3-methyl-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl- 
carbonitrile [11]; 

4-[2-(4-Dimethylamino-phenylanadno)-pyrimidin-4-yl]-3,5-dim^^ 
carbonitrile [12]; 

4-[2-(4-Fluoro-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl- acid 
amide [13]; 

4- [2-(3-Fluoro-4-methyl-phenylaiiiino)-pyrimidin-4-yl]-3,5-dimethyl-lH^ 
carbonitrile [22]; 

(4-Fluoro-phenyl)-[4-(2-methyl-4-phenyl-lH-pyn'ol-3-yl)-pyrmu [27]; 
3,4-Dimethyl-5-[2-(3-mtro-phenylamino)-pyrinndin-4-yl]-3H-thi^^ [32]; 

5- [2-(4-Hydroxy-phenylamino)-pyrimidin-4-yI]-3,4-dimefe^^ 
3,4-Dimethyl-5-[2-(4-methyI-3-nitro-phenylamino)-pyrimidm-4-y^ 
[36]; 

5-[2-(4-Fluoro-3-methyl-phenylamino)-pyrimidin-4-yl]-3,4-dimethyl-3H-tMazol-^ 
1371; 

4-[2-(4-Dimethylanaino-phenylamino)-pyrimidin-4-yl]-l,3,5-trimeA^^ 
carbonitrile [38]; and 
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4-[2-(4"Dimethylammo-3-iiitro-phenylamino)-pyii^ 
2-carbonitrile [39]. 

Even more preferably, said compound of formula I is selected from the following: 
3,5-Dimethyl-4-[2-(4-methyl-3-nitro-phenylamino)-pyrimi^^ 
5 carbonitrile [7]; 

4- [2-(4-Fluoro-phenylainino)-pyrimidin-4-yl]-3,5-dimethyl-lH-pyrr^ acid 
amide [13]; 

(4-Fluoro-phenyl)-[4-(2-methyl-4-phenyl-lH-pyrrol-3-yl)-pyrimidin-2-y^ [27]; 
3,4-Dimethyl-5-[2-(3-mtro-phenylamino)-pyrimidin-4-yl]-3H-tMazol-2 [32]; 
10 3,4-Dimethyl-5-[2-(4-mefhyl-3-mtro-phenylamino)-pyrimidin-4-^ 
[36]; 

5- [2-(4-Fluoro-3-methyl-phenylamino)-pyrimidin-4-yl]-3,4-dimethyl-3H-^ 
[37]; 

4-[2-(4-Dimethylamino-plienylamino)-pyrimidin-4-yl]- 1 ,3,5-trimethyl- 1 H-pyrrole-2- 
15 carbonitrile [38]; and 

4-[2-(4-Dimethylamino-3-nitro-phenylamino)-pyrimidin-4-yl]-l,3,^ 
2"Carbonitrile [39]. 

Most preferably, said compound of foraiula I is selected from the following: 
20 4-[2-(4-Dimethylamino-3-nitro-phenylamino)-pyriniidin-4-yl]-3,5-dimethyl-lH-p^ 
carbonitrile [20]; and 

]Sf^-[4-(2,4-Dimethyl-5-nitro4H-pyrrol-3-yl)-pyrimidm^^ 
benzene-l,4-diamine [21]. 

25 In one particularly preferred embodiment of the invention, the compound of formula I is 
capable of inhibiting GSKSjS. Preferably, said compound of formula I exhibits an IC50 
value of less than 1 ptM as measured by a GSK3j8 kinase assay. Details of a suitable 
GSK3j8 kinase assay are described in the accompanying Examples section. Preferably, 
said compound is selected from [l]-[3], [6], [7], [10], [11], [13]-[15], [17], [20]-[23] and 
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[25]"[29]. More preferably, said compound of formula I exhibits an IC50 value of less than 
0.1 [M. More preferably, the compound is selected from [7], [13], [20], [21], [23], [25], 
[28], [32], [33], [34], [35], [36], [37] and [39]. Even more preferably, said compound of 
formula I exhibits an IC50 value less than 0.01 /iM. Even more preferably, the compound 
5 is selected from [20], [28], [32] and [35]. More preferably still, said compound of formula 
I exhibits an IC50 value of less than 0.001 fiM. More preferably still, the compound is 
selected from [32] and [35]. 

In another preferred embodiment, the compound of formula exhibits selectivity for 
10 inhibiting GSK3i8 over ODKs, for example CDK2/E, as measured by the appropriate 
kmase assays. Preferably, the compound exhibits a selectivity, IC50 (CDK2/E)/(GSK3)8), 
of 2 or more. Preferably, the compound is selected from [7], [13], [20]-[23], [25]-[28], 
[32], [33] and [35]-[39], More preferably, the compound exhibits a selectivity, IC50 
(CDK2/E)/(GSK3jS), of 5 or more. More preferably, the compound is selected from [7], 
15 [20], [23], [27], [28], [32], [33], [35], [38] and [39]. More preferably still, the compound 
exhibits a selectivity, IC50 (CDK2/E)/(GSK3j8), of 10 or more. More preferably still, the 
compound is selected from [7], [20], [23], [27], [28], [32] and [35]. 

hi another preferred embodiment, the compound of formula I is capable of inducing 
20 cellular glycogen synthase (GS) activity as measured by an appropriate assay. Preferably, 
the compound is selected from [l]-[3], [6], [7], [11]-[13], [20]-[22], [27], [32], [34] and 
[36]-[39]. More preferably, said compound exhibits a 3-fold or more increase in cellular 
GS activity over control samples. More preferably, the compound is selected from [1], [2], 
. [6], [7], [21], [32], [36], [37] and [39]. 

25 

THERAPEUTIC APPLICATIONS 

As used herein the phrase "preparation of a medicament" includes the use of compounds of 
formula I directly as the medicament in addition to their use in a screening programme for 
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identifying further ther^eutic agents or in any stage of the manufacture of such a 
medicament. 

The compounds of formula I have therapeutic applications in the treatment of diabetes, 
5 CNS disorders (such as Alzheimer's disease and bipolar disorder), stroke, cardiovascular 
disorders, and alopecia. 

Experiments undertaken by the apphcant have demonstrated that compounds of formula I 
are capable of inhibiting glycogen synthase kinase 3 (GSK3). Glycogen synthase kinase 3 
10 is a Ser/Thr protein kinase composed of two isofonns (a and P), which are highly 
homologous within the catalytic domain. For a recent review on GSK3 biology refer to 
Frame, S.; Cohen, P. Biochem. J., 2001, 359, 1. 

It is known that some CDK inhibitors, including e.g. hymenialdisine (Meijer, L.; 

15 Thunnissen, A.-M.W.H.; White, A.W.; Gamier, M.; NikoUc, M.; Tsai, L.-H.; Walter, J.; 
Cleverley, K.E.; Salinas, P.C.; Wu, Y.-Z.; Biemat, J.; Mandelkow, EM.; Kim, S.-H.; 
Pettit, G.R. Chem. Biol, 2000, 7, 51), paullones (Leost, M.; Schultz, C; Link, A.; Wu, Y.- 
Z.; Biemat, J.; Mandelkow, E.-M.; Bibb, J.A.; Snyder, G.L.; Greengard, P.; Zaharevitz, 
D.W.; Gussio, R.; Senderowicz, A.M.; Sausville, E.A.; Kunick, C; Meijer, L. Eur. J. 

20 Biochem., 2000, 267, 5983), and indirubins (Leclerc, S.; Gamier, M.; Hoessel, R.; Marko, 
D.; Bibb, J.A.; Snyder, G.L.; Greengard, P.; Biemat, J.; Wu, Y.-Z.; Mandelkow, E.-M.; 
Eisenbrand, G.; Meijer, L. J. Biol. Chem., 2001, 276, 251) also inhibit GSK3. On the other 
hand, oflier CDK mhibitor molecules that do not inhibit GSK3, e.g. roscovitine (Havlicek, 
L.; Hanus, J.; Vesely, J.; Leclerc, S.; Meijer, L.; Shaw, G.; Stmad, M. J. Med. Chem., 

25 1997, 40, 408) and other purine-based inhibitors (Chang, Y.T.; Gray, N.S.; Rosania, G.R.; 
Sutherlin, D.P.; Kwon, S.; Norman, T.C.; Sarohia, R.; Leost, M.; Meijer, L,; Schultz, P.G. 
Chem. Biol, 1999, 6, 361). 
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One aspect of the invention relates to the use of compounds of formula I, or 
pharmaceutically accetable salts thereof, in the preparation of a medicament for treating 
diabetes. 

5 In a particularly preferred embodiment, the diabetes is type n diabetes. 

GSK3 is one of several protein kinases that phosphorylate glycogen synthase (GS). The 
stimulation of glycogen synthesis by insulin in skeletal muscle results from the 
dephosphorylation and activation of GS. The action of GSK3 on GS thus results in GS 
10 deactivation and thus suppression of the conversion of glucose into glycogen in muscles. 

Type n diabetes (non-insulin dependent diabetes melKtus) is a multi-factorial disease. 
Hyperglycaemia is due to insuHn resistance in the hver, muscles, and other tissues, coupled 
with impaired secretion of insulin. Skeletal muscle is the main site for insulin-stimulated 

15 glucose uptake, there it is either removed from circulation or converted to glycogen. 
Muscle glycogen deposition is the main determinant in glucose homeostasis and type n 
diabetics have defective muscle glycogen storage. There is evidence that an increase in 
GSK3 activity is important in type n diabetes (Chen, Y.H.; Hansen, L.; Chen, M.X.; 
Bjorbaek, C; Vestergaard, H.; Hansen, T.; Cohen, P.T.; Pedersen, O. Diabetes, 1994, 43, 

20 1234). Furtheraiore, it has been demonstrated that GSK3 is over-expressed in muscle cells 
of type n diabetics and that an inverse correlation exists between skeletal muscle GSK3 
activity and insulin action (Nikoulina, S.E.; Ciaraldi, T.P.; Mudaliar, S.; Mohideen, P.; 
Carter, L.; Henry, R.R. Diabetes, 2000, 49, 263). 

25 GSK3 inhibition is therefore of therapeutic significance in the treatment of diabetes, 
particularly type n, and diabetic neuropathy. 

A fiirther aspect of the invention relates to a method of treating diabetes comprising 
inhibiting GSK3 by administering to a subject in need thereof, a therapeutically effective 
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amount of a compound of foraiula I, or a pharmaceutically acceptable salt thereof, such 
that treatment of diabetes occurs. 

A further aspect of the invention relates to a method of inhibiting GSK3 in a cell 
5 comprising contacting said cell with an amount of a compound of formula I, or a 
pharmaceutically acceptable salt thereof, such that GSK3 is inhibited in said cell. 

It is notable that GSK3 is known to phosphorylate many substrates other than GS, and is 
thus involved in the regulation of multiple biochemical pathways. For example, GSK is 
10 highly expressed in the central and peripheral nervous systems. 

Another aspect of the invention therefore relates to the use of compounds of formula I, or 
pharmaceutically acceptable salts thereof, in the preparation of a medicament for treating a 
CNS disorders, for example neurodegenerative disorders. 

15 

Preferably, the CNS disorder is Alzheimer's disease. 

Tau is a GSK-3 substrate which has been implicated in the etiology of Alzheimer's disease. 
In healthy nerve cells, Tau co-assembles with tubulin into microtubules. However, in 
20 Alzheimer's disease, tau forms large tangles of filaments, which dismpt the microtubule 
structures in the nerve cell, thereby impairing the transport of nutrients as well as the 
transmission of neuronal messages. 

Without wishing- to be bound by theory, it is believed that GSK3 inhibitors may be able to 
25 prevent and/or reverse the abnormal hypeiphosphorylation of the microtubule-associated 
protein tau that is an invariant feature of Alzheimer's disease and a number of other 
neurodegenerative diseases, such as progressive supranuclear palsy, corticobasal 
degeneration and Pick's disease. Mutations in the tau gene cause inherited forms of fix)nto- 
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temporal dementia, further imderscoring the relevance of tau protein dysfunction for the 
neurodegenerative process (Goedert, M. Curr. Opin. Gen. Dev.^ 2001, 11, 343). 

Another aspect of the invention relates to the use of compounds of formula I, or 
5 pharmaceutically acceptable salts thereof, in the preparation of a medicament for treating 
bipolar disorder. 

Yet another aspect of the invention relates to the use of compoxmds of formula I, or 
pharaiaceutically acceptable salts thereof, in the preparation of a medicament for treating a 
10 stroke. 

Reducing neuronal apoptosis is an important therapeutic goal in the context of head 
trauma, stroke, epilepsy, and motor neuron disease (Mattson, M.P. Nat Rev. Mol Cell 
Biol, 2000, 1, 120). Therefore, GSK3 as a pro-apoptotic factor in neuronal cells makes this 
15 protein kinase an attractive therapeutic target for the design of inhibitory drugs to treat 
these diseases. 

Another aspect of the invention relates to the use of compounds of formula I, or 
pharmaceutically acceptable salts thereof, in the preparation of a medicament for treating a 
20 cardiovascular disorder. 

In one preferred embodiment, the cardiovascular disorder is myocardial infarction. 

Yet another aspect of the invention relates to the use of compounds of formula I, or 
25 pharmaceutically acceptable salts thereof, in the preparation of a medicament for treating 
alopecia. 

Hair growth is controlled by the Wnt signalling pathway, in particular Wnt-3. In tissue- 
culture model sj^tems of the skin, the expression of non-degradable mutants of p-catenin 
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leads to a dramatic increase in the population of putative stem cells, which have greater 
proliferative potential (Zhu, A.J.; Watt, F.M. Development, 1999, 126, 2285). This 
population of stem cells e:?q)resses a higher level of non-cadhenn-associated p-catenin 
(DasGupta, R.; Fuchs, E. Development, 1999, 126, 4557), which may contribute to their 
5 high proliferative potential. Moreover, transgenic mice overexpressing a truncated P- 
catenin in the skin undergo de novo hair-follicle morphogenesis, which normally is only 
established during embryogenesis. The ectopic application of GSK3 inhibitors may 
therefore be therapeutically useful in the treatment of baldness and in restoring hair growth 
following chemotherapy-induced alopecia. 

10 

A further aspect of the invention relates to a method of treating a GSK3-dependent 
disorder, said method comprising administering to a subject in need hereof, a compound 
of formula I, or a pharmaceutically acceptable salt thereof, as defined above in an amount 
sufficient to inhibit GSK3. 

15 

Preferably, the compound of fomiula I, or pharmaceutically acceptable salt thereof, is 
administered in an amoimt sufficient to inhibit GSKSjS. 

Preferably, the GSK3-dependent disorder is selected fi:om diabetes, a CNS disorder (such 
20 as Alzheimer's disease or bipolar disorder), stroke, cardiovascular disorders, and alopecia. 

SALTS/ESTERS 

The compounds used in the present invention can be present as salts or esters, in particular 
pharmaceutically acceptable salts or esters. 

25 

Pharmaceutically acceptable salts of the compounds of the invention (first and seconds 
aspects) include suitable acid addition or base salts thereof. A review of suitable 
pharmaceutical salts may be found in Berge et al, J Pharm Sci, 66, 1-19 (1977). Salts are 
formed, for example with strong inorganic acids such as mineral acids, e.g. sulphuric acid. 
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phosphoric acid or hydrohalic acids; with strong organic carboxylic acids, such as 
alkanecarboxylic acids of 1 to 4 carbon atoms which are imsubstituted or substituted (e.g., 
by halogen), such as acetic acid; with saturated or unsaturated dicarboxylic acids, for 
example oxalic, malonic, succinic, maleic, fumaric, phthalic or tetraphthalic; with 
5 hydroxycarboxyUc acids, for example ascorbic, glycolic, lactic, malic, tartaric or citric 
acid; with aminoacids, for example aspartic or glutamic acid; with benzoic acid; or with 
organic sulfonic acids, such as (Ci-C4)-alkyl- or aryl-sulfonic acids which are 
unsubstituted or substituted (for example, by a halogen) such as methane- or p-toluene 
sulfonic acid. 

10 

Esters are formed either using organic acids or alcohols/hydroxides, depending on the 
functional group being esterified. Organic acids include carboxylic acids, such as 
alkanecarboxyhc acids of 1 to 12 carbon atoms which are unsubstituted or substituted (e.g., 
by halogen), such as acetic acid; with saturated or unsaturated dicarboxylic acid, for 

15 example oxalic, malonic, succinic, maleic, fumaric, phthalic or tetraphthalic; with 
hydroxycarboxylic acids, for example ascorbic, glycolic, lactic, malic, tartaric or citric 
acid; with aminoacids, for example aspartic or glutamic acid; with benzoic acid; or with 
organic sulfonic acids, such as (Ci-C4)-alkyl- or aryl-sulfonic acids which are 
unsubstituted or substituted (for example, by a halogen) such as methane- or p-toluene 

20 sulfonic acid. Suitable hydroxides include inorganic hydroxides, such as sodium 
hydroxide, potassium hydroxide, calcium hydroxide, aluminium hydroxide. Alcohols 
include alkanealcohols of 1-12 carbon atoms which may be unsubstituted or substituted, 
e.g. by a halogen). 

25 ENAimOMERS AND TAUTOMERS 

In all aspects of the present invention previously discussed, the invention includes, where 
appropriate the use of all enantiomers and tautomers of compounds of formula L The man 
skilled in the art will recognise compounds that possess an optical properties (one or more 
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chiral carbon atoms) or tautomeric characteristics. The corresponding enantiomers and/or 
tautomers may be isolated/prepared by methods known in the art. 

POLYMORPHS 

5 The invention furthermore relates to the compounds of use in the present invention in their 
various crystalline forms, polymorphic forms and (an)hydrous forms. It is well established 
within the pharmaceutical industry that chemical compounds may be isolated in any of 
such forais by slightly varying the method of purification and or isolation form the 
solvents used in the synthetic preparation of such compounds. 

10 

PRODRUGS 

The invention further includes the compounds of use in the present invention in prodmg 
form. Such prodrags are generally compounds of formula I wherein one or more 
appropriate groups have been modified such that the modification may be reversed upon 

15 administration to a human or mammaUan subject. Such reversion is usually performed by 
an enzyme naturally present in such subject, though it is possible for a second agent to be 
administered together with such a prodrug in order to perform the reversion in vivo. 
Examples of such modifications include ester (for example, any of those described above), 
wherein the reversion may be carried out be an esterase etc. Other such systems will be 

20 well known to those skilled in the art. 

PHARMACEUTICAL COMPOSITIONS 

The present invention also encompasses the use of pharmaceutical compositions 
comprising the compounds of the invention. In this regard, and m particular for human 
25 therapy, even though the compounds of the present invention (including their 
pharmaceutically acceptable salts, esters and pharmaceutically acceptable solvates) can be 
administered alone, they will generally be administered in admixture with a 
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pharmaceutical carrier, excipient or diluent selected with regard to the intended route of 
administration and standard pharmaceutical practice. 

Thus, the present invention also relates to the use of pharmaceutical compositions 
5 comprising one or more compounds of formula I or pharmaceutically acceptable salts or 
esters thereof, together with at least one pharmaceutically acceptable excipient, diluent or 
carrier. 

By way of example, in the pharmaceutical compositions of the present invention, the 
10 compounds of use in the invention may be admixed with any suitable binder(s), 
lubricant(s), suspending agent(s), coating agent(s), and/or solubilising agent(s). Examples 
of such suitable excipients for the various different forms of pharmaceutical compositions 
described herein may be found in the "Handbook of Pharmaceutical Excipients, 2"^ 
Edition, (1994), Edited by A Wade and PJ Weller. 

15 

ADMINISTRATION 

The pharmaceutical compositions of the present invention may be adapted for oral, rectal, 
vaginal, parenteral, intramuscular, intraperitoneal, intraarterial, intrathecal, intrabronchial, 
subcutaneous, intradermal, intravenous, nasal, buccal or sublingual routes of 
20 administration. 

For oral administration, particular use is made of compressed tablets, pills, tablets, gellules, 
drops, and capsules. Preferably, these compositions contain from 1 to 250 mg and more 
preferably from 10-100 mg, of active ingredient per dose. 

25 

Other forms of administration comprise solutions or emulsions which may be injected 
intravenously, intraarterially, intrathecally, subcutaneously, intradermally, intraperitoneally 
or intramuscularly, and which are prepared from sterile or sterihsable solutions. The 
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pharmaceutical compositions of the present invention may also be in form of suppositories, 
pessaries, suspensions, emulsions, lotions, ointments, creams, gels, sprays, solutions or 
dusting powders. 

5 An alternative means of transdermal administration is by use of a skin patch. For example, 
the active ingredient can be incorporated into a cream consisting of an aqueous emulsion 
of polyethylene glycols or liquid paraffin. The active ingredient can also be incorporated, 
at a concentration of between 1 and 10% by weight, into an ointment consisting of a white 
wax or white soft parafiBn base together with such stabilisers and preservatives as may be 
10 required. 

hijectable forms may contain between 10 - 1000 mg, preferably between 10 - 250 mg, of 
active ingredient per dose. 

15 Compositions may be formulated in unit dosage form, i.e., in the form of discrete portions 
containing a unit dose, or a multiple or sub-unit of a unit dose. 

DOSAGES 

A person of ordinary skill in the art can easily determine an appropriate dose of one of the 
20 instant compositions to administer to a subject without undue experimentation. Typically, a 
physician will determine the actual dosage which will be most suitable for an individual 
patient and it will vary with the age, weight and response of the particular patient The 
dosages disclosed herein are exemplary of the average case. There can of course be 
individual instances where higher or lower dosage ranges are merited, and such are within 
25 the scope of this invention. 

In an exemplary embodiment, one or more doses of 10 to 150 mg/day will be administered 
to the patient for the treatment of a viral disorda:. 
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Preferably, said compound of formula I is administered in an amount sufficient to inhibit 
GSK3. 

Even more preferably, said compound of formula I is administered in an amount sufficient 
5 to inhibit GSKSjS. 

COMBINATIONS 

In a particularly preferred embodiment, the one or more compounds of the invention are 

« 

administered in conabination with one or more other pharmacologically active agents. In 
10 such cases, the compounds of the invention may be admmistered consecutively, 
simultaneously or sequentially with the one or more other pharmacologically active agents. 

It is known in the art that many drugs are more eflFective when used in combination. In 
particular, combination therapy is desirable in order to avoid an overlap of major toxicities, 

15 mechanism of action and resistance mechanism(s). Furthermore, it is also desirable to 
administer most drugs at their maximimi tolerated doses with minimum tune intervals 
between such doses. The major advantages of combining dmgs are that it may promote 
additive or possible synergistic effects through biochemical interactions and also may 
decrease the emergence of drug resistance which would have been otherwise responsive to 

20 initial treatment with a single agent 

Beneficial combinations may be suggested by studying the pharmacological activity of the 
test compounds with agents known or suspected of being valuable in the treatment of a 
particular disorder. This procedure can also be used to determine the order of 
25 administration of the agents, i.e. before, simultaneously, or after delivery. 

The present invention is now described by way of example, and with reference to the 
accompanying figures, wherein: 
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Figure 1 shows the activation of cellular glycogen synthase activity by example 
compounds [20] and [21] in HEK293 cells (top), 3T3 mouse adipocyte cells (middle) and 
L6 rat myocyte cells (bottom), as measured by the fractional reaction velocity of the 
enzyme (the ratio between the activity at 0.1 and 10 mM glucose-^ phosphate substrate 
5 concentrations). 

Figure 2 shows blood glucose levels (mmol/L) against time (minutes) for compound [20] 
inZDFrats. 

10 

EXAMPLES 

Table 1 shows the structures and chemical names of the exemplified compounds. 
Example 1 

15 3,5-Dimethyl-IK'pyrrole-2'Carbonitrile 

Ethyl cyanoacetate (10 mL, 94 mmol) was diluted with AcOH (20 mL) and the solution 
was cooled to -10 (ice-MeOH bath). NaN02 (6.5 g, 94 mmol) was dissolved in H2O (10 
mL) and the solution was added dropwise over a period of 40 min, keeping the intemal 
temperature < 0^ C. After completion of the addition, the reaction mixture was stirred for 1 

20 h with cooling. It was then wanned to room temperature and stirred for a ftirther 3 h. The 
mixture was diluted with AcOH (50 mL) and H2O (50 mL). Pentane-2,4-dione (10.6 mL, 
103 mmol) was added and the mixture heated to -'75 **C. To this reaction mixture Zn 
powder (6.9 g, 105 mmol) was added in portions over a period of 30 min at such a rate as 
to maintain the internal temperature < 90 °C. The reaction mixture was then heated for a 

25 ftirther 30 min before pouring into H2O (1 L). From the reaction mixture title compound 
(3.67 g) was filtered as an off-white solid. The filtrate was extracted with EtOAc (3 x 500 
mL). The combined organic extracts were washed (brine) and dried (MgS04). The solvent 
was evaporated to a brown oil, which was purified by chromatography (100 g Si02' eluted 
with 4:1 heptane / EtOAc) to afford a ftirther crop (4,41 g) of this product as a pale yellow 

30 soUd (total yield 72 %). 
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4-AcetyU3, 5 'dimethyl- lYL'pyrrole-l-carbonitrile 

3,5-Dimethyl-lif-pyrrole-2-K:arbomtrile (1.2 g, 10 mmol) was dissolved in anhydrous 1,2- 
dichloroethane (15 mL) and AICI3 (2.93 g, 22 mmol) was added in portions. The reaction 
vessel was purged with N2 and was cooled in an ice-water balh. AcCl (0.71 mL, 10 nmiol) 
5 was added dropwise and the mixture was stirred for 1 h with cooling and for a further 3 h 
at room temperature. The reaction mixture was quenched by careful addition of 2 M aq 
HCl. The acidity of the mixture was adjusted to approximately pH 6 by addition of 
NaHCOa. After separation of the organic phase, the aqueous phase was extracted with 
EtOAc (3 X lOOmL). The combined organic phases were washed (H2O, then brine), dried 
10 (MgS04), and filtered. The solvent was evaporated to afford the title compound (1.42 g, 88 
%) as a pale tan sohd. ^H-NMR (CDCI3) S\ 2.44 (s, 3H, CH3), 2.45 (s, 3H, CH3), 2.54 (s, 
3H, CH3), 8.75 (br. s, IH, NH). 

4'(3-Dimethylamino-acfyloyl)'3,5-dimethyl-lH-pyrrole'2'Car^ 

15 4-Acetyl-3,5-dimethyl-l/r-pyrrole-2-carbonitiile (1.38 g, 8,51 mmol) was suspended in 
l,l-bis-dimethylamino-3,3-dimethyl-butan-2-one (1.3 mL) and heated at 75 °C for 42 h. 
The reaction mixture was evaporated to dryness and the residue was purified by Si02 
chromatography (heptane / EtOAc) to afford the title compound (1.2 g, 65 %) as a pale tan 
solid. ^H-NMR (DMSO-da) S: 2.21 (s, 3H, CH3), 2.31 (s, 3H, CH3), 3.32 (s, 6H, CH3), 5.22 

20 (d, IH, 12.4 Hz, CH), 7.47 (d IH, 12.4 Hz, CH), 1 1.96 (br. s, IH, NH). 

3,5-Dimethyl-4-[2~(3-nitro-phenylamino)-pyrimidin^ [1] 
To a mixture of 4-(3-dimethylamino-acryloyl)-3,5-dimethyl- liy-pyrrole-2-carbomtri (1 .0 
mmol, 0.22 g) and 3-nitrophenyl guanidine nitrate (1.5 mmol, 0.36 g) in 2-methoxyethanol 
25 (5 mL) was added K2CO3 (138 mg, 1.0 mmol). The reaction mixture was heated at 120 °C 
under N2 for 18 h. The solvent was evaporated to dryness and the residue was purified by 
flash chromatography (1:2 EtOAc / heptane) to afford the title compound as a light-yellow 
solid. M.p. 258-259 °C. MS: [M+Hf = 336.1 (C17H14N6O2 requires 334.3). ^H-NMR 
(CD3OD) S: 2.39 (s, 3H, CH3), 2.49 (s, 3H, CH3), 6.94 (d, IH, J= 5.1 Hz, pyrimidinyl-H), 
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7.50 (t, IH, 8.3 Hz, Ph-H), 7.81 (m, IH, Ph-H), 7.94 (m, IH, Ph-H), 8.45 (d, 1K,J = 
5.1 Hz, pyrimidinyl-H), 8.94 (t, IH, J= 2.2 Hz, Ph-H). 

The following compounds were prepared in a manner analogous to that described above: 

5 

4-f2-(4-Fluoro-phenylamino)-pyrimidin-^-ylJ-3J-dimethyl-IH-pyrrole-2-carbo [2] 
MS: [M+H]* = 307.7 (C17H14FN5 requires 307.3). 'H-NMR (DMSO-dg) S: 2.30 (s, 3H, 
CH3), 2.40 (s, 3H, CH3), 6.84 (d, IH, J= 5.0 Hz, pyrimidinyl -H), 7.00 (m, 2H, Ph-H), 
7.73 (m, 2H, Ph-H), 8.40 (d, IH, J=5.5Hz, pyrimidinyl -H), 9.46 (s, IH, NH), 12.i9 (br. s, 
10 IH, NH). 

4-[2-(4-Hydroxy-phenylamino)-pynmidin-4-yl]-3,5-dimethyl-l'R-pyrrole-2-ca^ [3] 
M.p. 272-276 °C. MS: [M+H]"" =305.8 (C17H15N5O requires 305.3).*H->MR (CD3OD) 5: 
2.33 (s, 3H, CHb), 2.41 (s, 3H, CH3), 6.74-6.56 (m, 3H, pyrimidinyl-H/Ph-H), 7.36 (d, 2H, 
15 J= 8.5 Hz, Ph-H), 8.25 (d, IH, J= 5.4 Hz, pyrimidinyl-H). 

3.5-Dimethyl-4-f2-(4-trifluoromet}^l-phenylamino)-pynmidin-4-ylJ 
carbonitrile [4] 

M.p. 195.6-198.9 °C. MS: [M+Hf = 357.7 (C18H14F3N5 requires 357.3). 'H-NMR 
20 (CDCI3) a. 2.33 (s, 3H, CH3), 2.44 (s, 3H, CH3), 6.75 (d, IH, J=5.\ Hz, pyrimidinyl-H), 
7.20 (br. s, IH, NH), 7.50 (d, 2H, /= 8.8 Hz, Ph-H), 7.71 (d, 2H, J= 8.8 Hz, Ph-H), 8.39 
(d, IH, J= 5.1 Hz, pyrimidinyl), 8.40 (br. s, IH, NH). 

4-[2-(4-Iodo-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl-lR-pyrrole-2-^ [5] 
25 M.p. 178.3-181.2 °C. MS: [M+H]'' = 416.6 (C18H14IN5 requires 415.2). ^H-NMR (CDCI3) 
S: 2.39 (s, 3H, CH3), 2.49 (s, 3H, CH3), 6.76 (d, IH, J= 5.1 Hz, pyrimidinyl-H), 7.10 (br. 
s, IH, NH), 7.44 (d, 2H, /= 8.8 Hz, Ph-H), 7.61 (d, 2H, /= 8.8 Hz, Ph-H), 8.42 (d, IH, 7= 
5.1 Hz, pyrhnidinyl-H), 8.45 (br. s, IH, NH). 
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4-[2-(3-Hydroxy-phenylamino)-pynmidin-4-yl]-3,5-dimethyl-llArp^ [6] 
M.p. 247-250 "C. MS: [M+H]^ =305.8 (C17H15N5O requires 305.3). ^H-NMR (DMSO-dfi) 
& 2.31 (s, 3H, CH3), 2.41 (s, 3H, CH3), 6.33 (m. IH, Ph-H), 6.82 (d, IH, J = 5.1 Hz, 
pyrimidinyl-H), 7.01 (t, IH, J= 8.1 Hz, Ph-H), 7.11 (m, IH, Ph-H), 7.33 (t, IH, J= 2.1 
5 Hz, Ph-H), 8.40 (d, IH, /= 5.4 Hz, pyrimidinyl-H), 9. 1 8 (s, IH), 9.30 (s, IH), 12.20 (br. s, 
1H,NH). 

3,5-Dimethyl-4-[2-(4-methyl-3-nitro-phenylamino)-pyrimidin-^^ 
carbonitrile [7] 

10 M.p. 233-237 "C. MS: [M+Hf = 350.0 (CigHieNeCb requires 348.6). ^H-NMR (DMSO-de) 
5: 2.31 (s, 3H, CH3), 2.42 (s, 3H, CH3), 2.44 (s, 3H, CH3), 6.92 (d, IH, /= 5.4 Hz, 
pyrimidinyl-H), 7.39 (d, 1H,7= 8.5 Hz, Ph-H), 7.87 (dd, IH, /= 8.1, 1.7 Hz, Ph-H), 8.48 
(d, m,J= 5.1 Hz, pyrimidinyl-H), 8.63 (d, IH, J= 1.7 Hz, Ph-H), 9.87 (s, IH, NH), 12.21 
(br.s, 1H,3SIH). 

15 

4-[2-(3-Iodo-4-methyl-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl^^ 
carbonitrile [8] 

M.p. 189.5-191.7 "C. MS: [M+H]"' = 431.5 (CigHielNs requires. 429.6). ^H-NMR(DMSO- 
dg) 5: 2.29 (s, 3H, CH3), 2.32 (s, 3H, CH3), 2.43 (s, 3H, CH3), 6.85 (d, IH, 5.1 Hz, 
20 pyrimidinyl-H), 7.20 (d, IH, J= 8. 1 Hz, Ph-H), 7.57 (m, IH, Ph-H), 8.41-8.43 (m, 2H, Ph- 
H, pyrimidinyl-H), 9.48 (s, IH, NH), 12.20 (br. s, IH, NH). 

4-[2-(4-Chloro-3-Tnethyl-pheriylamim)-pyrimidiri-^-yl]-3,5-dirnet^ 
carbonitrile [9] 

25 M.p. 194.2-197.9 °C. MS: [M+H]"" = 338.0 (CisHieClNj requires 337.8). 'H-NMR 
(DMSO-d<i) 6: 2.27 (s, 3H, CH3), 2.31 (s, 3H, CH3), 2.41 (s, 3H, CH3), 6.86 (d, IH, J= 5.4 
Hz, pyrimidinyl-H), 7.28 (d, IH, J= 8.5 Hz, Ph-H), 7.61 (dd, IH, J= 8.8, 2.4 Hz, Ph-H), 
7.73 (d, IH, 2.7 Hz, Ph-H), 8.43 (d, IH, J= 5.1 Hz, pyrimidinyl-H), 9.51 (s, IH, NH), 
12.21 (br.s,lH,NH). 
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4-[2-(3-Hydroxy-4-methyl-phenylamino)-pyrimidin-4-yl]-3,5-dmethyl-l^^ 
carbonitnle[10] 

M.p. 221-225 "C. MS: [M+H]"^ = 320.9 (CisHnNsO requires 319.4). ^H-NMR (DMSO-de) 
S: 2.03 (s, 3H, CH3), 2.29 (s, 3H, CH3), 2.40 (s, 3H, CH3), 6.78 (d, IH, / = 5.1 Hz, 
5 pyrimidinyl-H), 6.89 (d, IH, J= 8.1 Hz, Ph-H), 7.02 (dd, IH, J= 8.3, 1.7Hz, Ph-H), 7.29 
(d, IH, J= 0.7 Hz, Ph-H), 8.37 (d, IH, J= 4.9 Hz, pyrimidinyl-H), 9.08 (s, IH), 9.20 (s, 
IH), 12.17 (br.s,lH,lSIH). 

4-[2-(4-Flmro-3-methyl-phenylamim)-pyrimidin-4-yl]-3,5~^^ 
10 carbonitrile [11] 

M.p. 161.3-164.1 "C. MS: [M+Hf = 321.6 (CigHieFNs requires 321.4). 'H-NMR (DMSO- 
de) ^: 2.19 (s, 3H, CH3). 2.30 (s, 3H, CH3), 2.42 (s, 3H, CH3), 6.82 (d, IH, /= 5.1 Hz, 
pyrimidinyl-H), 7.03 (t, IH, /= 9.3 Hz, Ph-H), 7.53 (m, IH, Ph-H), 7.61 (dd, IH, 7 = 7.1, 
2.4 Hz, Ph-H), 8.39 (d, IH, 5.1 Hz, pyrimidinyl-H), 9.36 (s, IH, NH), 12.20 (br. s, IH, 
15 NH). 

4-[2-(4-Dimethylamim-phmylcmino)-pyrimidin-4-yl]-3,5-dir^ 
carbonitrile [12] 

M.p. 190.6-193.7 "C. MS: [M+H] = 334.7 (C19H20N6 requires 332.4). 'H-NMR (CDCI3) 
20 5: 2.36 (s, 3H, CH3), 2.46 (s, 3H, CH3), 2.94 (br. s, 6H, CH3), 6.66 (d, IH, J = 5.6 Hz, 
pyrimidinyl-H), 6.79-6.80 (m, 2H, Ph-H), 7.05 (br. s, IH, NEI), 7.40-7.43 (m, 2H, Ph-H), 
8.34 (d, IH, J = 5.1Hz, pyrimidinyl-H), 8.52 (br. s, IH, NH). 

Example 2 

25 4-(3-Dimethylamino-acryloyl)-3,5-dimethyl-l^-pyrrole-2-carboxylic acid amide. 

l-(2,4-Dimethyl-l/f-pyrrol-3-yl)-ethanone (1.1 g, 10 mmol) was partially dissolved in a 2 
M solution of NH3 in MeOH and H2O2 (10 mL of a 27 % w/w solution in H2O) was added 
dropwise over a period of 40 min at such a rate as to maintain the intemal temp^ture <, 30 
"C. The mixture was stirred for 18 h at room temperature. The resulting suspended white 
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solid was filtered and recrystallised from EtOAc to afford 4-acetyl-3,5-dimethyHH- 
pyrrole-2-carboxylic acid amide (1.06 g). An aliquot (720 mg, 4 mmol) was suspended in 
l,l-bis-dimethylamino-3,3-dimethyl-butan-2-one (2 mL, 9.6mmol) m a Na-flushed flask 
and heated at 75 ^'C for 48 h. The crude mixture was cooled and purified by SiOi 
5 chromatography (EtOAc / MeOH gradient elution). The title compound (449 mg) was 
obtained as a buff solid. ^H-NMR (DMSO-de) 5: 2,30 (s, 3H, CH3), 2.46 (s, 3H, CH3), 2.90 
(br. s, 2H, NH). 3.09 (s, 3H, CH3), 3.13 (s, 3H, CH3), 5.23 (d, IH, J = 12.4 Hz, CH), 7.38 
(d, IH, J = 12.7 Hz, CH), 10,97 (br. s, IH, NH). 

10 4'[2'(4-Fluoro-phmylamino)-pyrimidin-4-yl]-3,5-di^ acid 
amide [13] 

4-(3-IMmethylamino-acryloyl)-3,5-dimethyl-l^-pyrrole-2-carboxylic acid amide (100 mg, 
0.43 mmol), 4-fluorophenylguanidine nitrate (139 mg, 0.65 mmol) and K2CO3 (94 mg, 
0.68 mmol) were partially dissolved in 2-methoxyethanol (5 mL) and heated at 120 for 

15 18 h. The mixture was concentrated in vacuo and purified by Si02 chromatography 
(EtOAc / MeOH gradient elution). The crude product was triturated in iPr20 to afford the 
title compound (31 mg) as a buff solid. M.p. 93.5-96.8 °C. MS: [M+H**] = 326.9 
(C17H16FN5O requires 325.3). ^H-NMR (DMS0-d6) & 2.36 (s, 3H, CH3), 2.39 (s, 3H, 
CH3), 6.79 (d, IH, y = 5.4 Hz, pyrimidinyl-H), 6.92 (br. s, 2H, NH), 7.07 (t, 2H, /= 8.5 

20 Hz, Ph-H), 7.76-7.78 (m, 2H, Ph-H), 8.36 (d, IH, 5.4 Hz, pyrimidinyl-H), 9.41 (s, IH, 
NH), 11.24 (br.s, IH, NH). 

Example 3 

3-Dimethyla77tino-J'(2J-dimethyl-5'nitrO'lK-pyrrol-3-y0^^ 
25 HNO3 (0.28 mL of a 69 % w/v aq solution, 4.37 mmol) was added dropwise to AcaO (5 
mL) at room temperature, keeping the intemal temperature ^ 25 ^C. The nitrating mixture 
was stirred at room temperature for 15 min before cooling to -40 °C. l-(2,4-DimethyHjy- 
pyrrol-3-yl)-ethanone (500 mg, 3.64 mmol) was dissolved in AcaO (6 mL) and added 
dropwise, keeping the intemal temperature ^ -30 °C. The mixture was stirred at -40 °C for 
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30 min then at -10 °C for a further 30 min. The mixture was poured into ice-water (50 mL) 
and was extracted with Et20 (3 x 60 mL). The combined organic extracts were washed 
(brine), dried (Na2S04), filtered, and evaporated in vacuo to give a dark brown solid. This 
was recrystallised from MeOH to afford l-(2,4-dimethyl-5-nitro-lJY-pyrrol-3-yl)-ethanone 
5 (158 mg). An aliquot (150 mg, 0.82 mmol) was suspended in l,l-bis-dimethylamino-3,3- 
dimethyl-butan-2-one (0.42 mL, 2.02 mmol) in a Na-flushed flask and was heated at 70 °C 
for 18 h. The mixture was triturated in EtOAc to afford the title compound (119 mg) as a 
brown soUd. ^H-NMR (DMSO-de) 5: 2.30 (s, 3H, CH3), 2.40 (s, 3H, CH3), 2.80 (br. s, 3H, 
CH3), 3.07 (br. s, 3H, CH3), 5.19 (d, IH, J= 12.7 Hz, CH), 7.45 (d, IH, /= 12.4 Hz, CH), 
10 12.76 (br,lH,NH). 

f4'(2J-Dimethyl'5'nitro-lH-pyrrol-3-yl)-pyrim [14] 
3-Dimethylamino-l-(2,4-dimethyl-5-nitro-l//-pyrrol-3-yl)-propenone (110 mg, 0.46 
mmol), 4-fluorophenyl guanidine nitrate (150 mg, 0.7 mmol), and K2CO3 (193 mg, 1,4 

15 mmol) were partially dissolved in 2-methoxyethanol and heated at 120 °C for 18 h. The 
mixture was concentrated in vacuo and purified by Si02 chromatography (heptane / EtOAc 
gradient elution). The crude product was triturated in iPraO to afford the title compound 
(22 mg) as a pale orange solid. M.p. 166.3-170.1 °C. MS: [M+H]^ = 329.3 (C16H14FN5O2 
requires 327.3). ^H-NMR (DMS0-d6) 5: 2.49 (s, 3H, CH3), 2.59 (s, 3H, CH3), 6.73 (d, IH, 

20 y= 5.1 Hz, pyrimidinyl-H), 7.04 (t, 2H, /= 8.8 Hz, Ph-H), 7.07 (br. s, IH, NH), 7.55-7.58 
(m, 2H, Ph-H), 8.44 (d, IH, 7= 5.1 Hz, pyrimidinyl-H), 9.40 (br. s, IH, NH). 

The following compound was prepared in analogous manner: 

25 ^'[4-(2,4'Dimethyl-5'nitrO'lll'pyrrol-3-yl)'pyri^ 
diamine [15] 

M.p. 265-268 °C. MS: [M+H]"" = 353.0 (CigHaoNeOa requires 352.4). ^H-NMR (DMS0-d6) 
S: 2.39 (s, 3H, CH3), 2.48 (br. s, 6H, CH3), 2.82 (s, 3H, QH3), 6.69 (d, 2H, •/= 9.0 Hz, Ph- 
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H), 6.74 (d, IH, /= 5.1 Hz, pyrimidinyl-H), 7.50 (d, 2H, J= 9.0 Hz, Ph-H), 8.38 (d, IH, J 
= 5.1 Hz, pyrimidinyl-H), 9.18 (s, IH, NH), 13.00 (br. s, IH, NH). 

Example 4 

5 f4-(5-Bromo-2,4-dimethyl-lK'P)nTol-3-yI)-pyrimid^ [1 6] 

[4-(2,4-Dimethyl-lF-pynol-3-yl)-pyrimidin-2-^^ (80 mg, 0.28 

mmol) was dissolved in THF (4 mL) and cooled to -50 °C. iV-Bromosuccinimide (55 mg, 
0.31 mmol) was dissolved in THF (2 mL) and added dropwise, keeping the internal 
temperature < -40 °C. The mixture was stirred for Ih with cooling then evaporated in 

10 vacuo. The residue was treated with H2O (10 mL) and extracted with EtOAc (3 x lOmL). 
The combined organic extracts were washed (brine), dried (MgS04), filtered, and 
evaporated in vacuo. The crude product was piirified by Si02 chromatography heptane / 
EtOAc gradient elution) to afford the title compound (19 mg) as an orange solid after 
recrystallisation from iPrzO. M.p. 181.4-183.3 ^C. MS: [M+H]"* = 362.9 (Ci6Hi4BrFN4 

15 requires 36L2).^H-NMR (CDCI3) S: 2.10 (s, 3H, CH3), 2.36 (s, 3H, CH3) 6.56 (d, IH, /= 
5.1 Hz, pyrimidinyl-H), 6.97 (t, 2H, J= 8.3Hz, Ph-H), 7.00 (br. s, IH, NH), 7.79-7.52 (m, 
2H, Ph-H), 8.85 (br. s, IH, NH), 8.26 (d, IH, 7= 5.1 Hz, pyrimidinyl-H). 

The following compound was prepared in analogous manner: 

20 

[4-(5-BromO'2,4'dimethyl-lYL-pyrrol-3-yl)-pyrimidin'^^ [17] 
M.p. 198.1-203 °C. MS: [M+Hf =389.3 (Ci6Hi4BrN504 requires 361.2). ^H-NMR 
(CDCI3) S\ 2.49 (s, 3H, CH3), 2.59 (s, 3H, CH3) 6.73 (d, IH, J= 5.1 Hz, pyrimidinyl-H), 
7.04 (t, 2H, y= 8.8 Hz, Ph-H), 7.57 (m, 2H, Ph-H), 7.90 (br. s, IH, NH), 8.44 (d, IH, J= 
25 5. IHz, pyrimidinyl-H), 9.40 (br. s, IH, NH). 
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Example 5 

[4'(5-Chloro-2J-dimethyl-lK-pyrrol-3-yl)-pyrim^ [18] 
[4<2ADiniethyl-lif-pyiTol-3-yl)-pyri^ (80 mg, 0.28 

mmol) was dissolved in THF (4 mL) and cooled to -60 °C. AT-CUorosuccinimide (41 mg, 

5 0.31 nrniol) was dissolved in THF (2 mL) and added dropwise, keeping the internal 
temperature < -50 °C. The mixture was stirred for 30min with cooling then evaporated in 
vacuo. The residue was treated with H2O (10 mL) and extracted with EtOAc (3x10 mL). 
The combined organic extracts were washed (brine), dried (MgS04), filtered, and 
evaporated in vacuo. The crude product was purified by Si02 chromatography (heptane / 

10 EtOAc gradient elution) to afford the title compound (37 mg) as an orange solid after 
recrystallisation fi-om iPraO.M.p. 200-203 ''C. MS: [M+H]"^ = 317.7 (C16H14CIFN4 requires 
316.8). ^H-NMR (CDCI3) S: 2.17 (s, 3H, CH3), 2.42 (s, 3H, CH3) 6.77 (d, IH, /= 5.9 Hz, 
pyrimidinyl-H), 7.02-7.06 (m, 3H, Ph-h, NH), 7.54-7.56 (m, 2H, Ph-H), 7.95 (br. s, IH, 
NH), 8.25 (d, IH, /= 5.4 Hz, pyrimidinyl-H). 

15 

Example 6 

[ 4-(5-DimethylaminomethyU2, 4-dimethyl-lH-pyrrol-3-yl)'pyrimidin'2'ylJ-(4-fluoro- 
phenyl)-amine [19] 

Dimethylamine (40 |iiL, 0.31 mmol) was diluted with methanol (0.5 mL) and formaldehyde 
20 (30 \\L of a 37 % w/w aq solution , 0.37 mmol) was added, [4-(2,4-Dimethyl-li?-pyrrol-3- 
yl)-pyrimidin-2-yl]-(4-fluoro-phenyl)-amine (87 mg, 0.31 mmol) was added in small 
portions and the mixture was heated to reflux. After 1.5 h the mixture was diluted with 
H2O (10 mL). The resulting precipitate was filtered and triturated in 2 M aq HCl. The 
mixture was filtered and the filtrate was washed with 2 M aq NaOH. The filtrate was 
25 extracted with EtOAc (3 x 15 mL). The combined organic extracts were washed (brine), 
dried (MgS04), filtered, and evaporated in vacuo. The crude product was purified by SiOa 
chromatography (heptane / EtOAc gradient elution) to afford the title compound (36 mg) 
as an orange solid after recrystallisation fi-om iPr20. M.p. 88.4-91.6 °C. MS: [M+H]"*" = 
340.6 (C19H22FN5 requires 339.4).^H-NMR (CDCI3) 5: 2.18 (s, 3H, CH3), 2.56 (s, 6H, 
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CH3), 2.42 (s, 3H, CH3), 3.38 (s, 2H, CH2), 6.75 (d, IH, /= 5.4 Hz, pyrimidinyl-H), 7.00 
(t, 2H, J= 8.6 Hz, Ph-H), 7.13 (br. s, IH, NH), 7.56-7.59 (m, 2H, Ph-H), 8.31 (d, IH, /= 
5.1 Hz, pyrimidinyl-H), 8.55 (br. s, 1H,1SIH). 

5 Example 7 

4-[2-(4-Dimethylamino-3-nitro-phenylcmino)-pyrimid^^ 
carbonitrile [20] 

This was obtained by reaction of 4-(3-dimethylaniino-acryloyl)-3,5-dimethyl-l/f-pyrrole- 
2-carbomtrile and iV-(4-dimethylamino-3-nitro-phenyl)-guanidine nitrate. The cmde 
10 product was recrystallised from PhMe (21 %) as a yellow solid. *H NMR (CD3OD) & 2.38 
(s, 3H, CH3), 2.51 (s, 3H, CH3), 2.86 (s, 6H, CH3), 6.76 (d, IH, /= 5.1 Hz, pyrimidinyl- 
H), 7.02 (s, IH, Ph-H), 7.04 (m, IH, Ph-H), 7.49 (m, IH, Ph-H), 8.29 (d, IH, J= 2.7Hz, 
Ph-H), 8.40 (d, IH, /= 5.4 Hz, pyrimidinyl-H), 8.94 (t, IH, 7 = 2.2 Hz, Ph-H). MS m/z 
378.71 (M+H)"" (C19H19N7O2 requires 377.40). 

15 

Example 8 

l^-[4-(2,4-Dimethyl-5-nitro-n5rpynol-3-yl)-pynmidin-^^ 
benzene- J, 4-diamine [21] 

This was prepared by reaction of 3-dimethylamino-l-(2,4-dimetiliyl-5-nitro-li¥-pyrrol-3- 
20 yl)-propenone and iV-(4-dimethylamino-3-nitro-phenyl)-guanidine nitrate. 'H-NMR 
(CDCI3) & 2.52 (s, 3H, CH3), 2.59 (s, 3H, CH3), 2.87 (s, 6H, CH3), 6.76 (d, IH, J= 5.1 Hz, 
pyrimidinyl-H), 7.05 (m, 2H, Ph-H & NH), 7.48 (m, IH, Ph-H), 8.32 (br. s, IH, Ph-H), 
8.44 (d, IH, J= 5.1 Hz, pyrimidinyl-H). 

25 Example 9 

4-[2-(3-Fluoro-^-methyl-phenylamino)-pyrimidin-4-yl]-2,5-dimethyl-lH^ 
carbonitrile [22] 

This compounds was prepared according to the general methods described in Example 1. 
M.p. m .1-119.9 °C. MS: [M+H]"" = 322.5 (CisHieFNs requires 321.3). 'H-NMR (DMSO- 
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de) S: 2.15 (s, 3H, CH3), 2.30 (s, 3H, CH3), 2.43 (s, 3H, CH3), 6.86 (d, IH, J= 5.1 Hz, 
pyrimidinyl-H), 7.13 (t, IH, 7= 9,0 Hz, Ph-H), 7.36 (dd, IH, J= 8.1, 1.7 Hz, Ph-H), 7.75 
(dd, IH, J= 12.9, 1.5 Hz, Ph-H), 8.43 (d, IH, J= 5.4Hz, pyrimidinyl-H), 9.56 (s, IH, NH), 
12.21 (br. s, IH, NH). 

5 

Example 10 

5-[2'(4'Hydroxy-phenylamino)-pyrimidin'4-ylJ-3J-dim^ [34] 

To an ice-cooled solution of potassium thiocyanate (5.67 g, 58 mmol) in MezCO (45 mL) 

was added 3-chloro-pentane-2,4-dione (6.95 mL, 58 mmol) dropwise. After completion of 

10 the addition the reaction mixture was warmed to room temperature and stirred for a further 
6 h. The solvent was evaporated to dryness. The residue was dissolved in EtOH (30 mL) 
and HCl (cone, aq, 15 mL) was added. The mixture was heated to reflux for 14 h. It was 
concentrated and the precipitate was collected, washed with cold MeOH and then Et20 to 
afford 9.1 g of a pale solid. This compound was treated with iViiV-dimethylfonnamide 

15 dimethylacetal (13 mL) at 100 - 1 10 for 8 h. The reaction mixture was concentrated and 
the residue was purified by SiOa flash chromatography (EtOAc/PE) to afford 5-(3- 
dimethylamino-acryloyl)-3,4-dimethyl-3iy-thiazol-2-one. ^H-NMR (CDCI3) S: 2.50 (s, 3H, 
CH3), 3.07 (s, 3H, CH3), 3.21 (s, 6H, CH3), 5.09 (d, IH, /= 12.0 Hz, CH), 7.59 (d, IH, 7= 
12.0 Hz, CH). 

20 

A solution of 5-(3-dimethylamino-acryloyl)-3,4-dimethyl-3^-thiazol-2-one (0.23 g, LO 
mmol) in 2-methoxylethanol (3 mL) was treated with iV-(4-hydroxy-phenyl)-guanidine 
nitrate (0.42 g, 2.0 mmol). After refluxing for 20 h the reaction mixture was concentrated 
and purified by Si02 flash chromatography (EtOAc). Recrj^allisation fi'om EtOAc 
25 afforded the tilted compound (25 mg) as brown crystals. Anal. RP-HPLC: t/^ = 1 1 .8 mm (0 
- 60 % MeCN in 0.1 % aq CF3COOH over 20 min, 1 mL/min, purity > 95%). ^H-NMR 
(DMS0-d6) & 2.52 (s, 3H, CH3), 3.27 (s, 3H, CH3), 6.68 (d, 2H, J= 8.9 Hz, Ph-H), 6.81 
(d, IH, J= 5.5 Hz, pyrimidinyl-H), 7.44 (d, 2H, J= 8.9 Hz, Ph-H), 8.34 (d, IH, J= 5.5 Hz, 
pyrimidinyl-H), 9.12 (br. s, IH, OH/NH), 9.24 (br. s, IH, NH/OH). 
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The following compounds were prepared in a similar manner to the procedures described 
above: 

5-[2-(4-Chloro-phenylamno)-pyrimidin-4-yl]-3,4-4^ [23] 
5 Light yellow solid; *H-NMR (DMSO-de) & 2.55 (s, 3H, CH3), 3.29 (s, 3H, CH3), 6.97 (d, 
IH, /= 5.0 Hz, pyrimidinyl-H), 7.32 (d, 2H, /= 8.5 Hz, Ph-H), 7.76 (d, 2H, /= 9.0 Hz, 
Ph-H), 8.44 (d, IH, J= 5.0 Hz, pyrimidinyl-H), 9.75 (br. s, IH, NH). 

5-[2-(4-Methoxy-phmylamino)-pyrimidin-4-yl]-3,4-dimetf^^ [24] 
10 Light yellow solid; 'H-NMR (DMSO-de) & 2.54 (s, 3H, CH3), 3.28 (s, 3H, CH3), 3.71 (s, 
3H. CH3), 6.86 (m, 3H, pyrimidinyl-H & Ph-H), 7.59 (d, 2H, /= 9.0 Hz, Ph-H), 8.37 (d, 
IH, J= 5.0 Hz, pyrimidinyl-H), 9.39 (br. s, IH, NH). 

5-[2-(3-Hydroxy-phenylcmino)-pyrimidin-4-yl]-3A-dimethyl-3H-tM [25] 
15 Light yellow sohd; anal. RP-HPLC: t^ = 15.4 min (0 - 60 % MeCN in 0.1 % aq VF3COOH 
over 20 min, 1 mL/min, purity > 95 %). ^H-NMR (DMSO-de) & 2.55 (s, 3H, CH3), 3.26 (s, 
3H, CH3), 6.36 (m, IH, Ph-H), 6.90 (d, IH, J= 5.5 Hz, pyrimidinyl-H), 7.03 (t, IH, 8.5 
Hz, Ph-H), 7.16 (m, IH, Ph-H), 7.22 (s, IH, Ph-H), 8.40 (d, IH, J= 5.5 Hz, pyrimidinyl- 
H), 9.39 (br. s, IH, NH). 

20 

5-[2-(4-Dimet/^lemino-phenylamino)-pyrimidm-4-ylJ-3,4-dimethyI-3H-th [26] 
Yellow solid; anal. RP-HPLC: Ir = 19.6 min (0 - 60 % MeCN in 0.1 % aq CF3COOH over 
20 min, 1 mUmin, purity > 95 %). 'H-NMR (DMSO-dg) <S 2.83 (s, 3H, CH3), 2.90 (s, 6H, 
CH3). 3.08 (s, 3H, CH3), 6.73 (m, 2H, Ph-H), 6.81(d, IH, J= 5.5 Hz, pyrimidinyl-H), 7.03 
25 (m, IH, Ph-H), 7.50 (m, IH, Ph-H), 8.32 (d, IH, 5.5 Hz, pyrimidinyl-H), 9.24 (br. s, 
1H,NH). 
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5-[2-(4-Fluoro-3-nitro-phenylamino)-pynmidin-4-yl]-3,4-dimethyl-^ [281 
Brown soUd; 'H-NMR (DMSO-de) &. 2.42 (s, 3H, CH3), 2.81 (s, 3H, CH3), 6.36 (m, IH, 
Ph-H), 6.91 (d, IH, J= 5.5 Hz, pyrimidinyl-H), 7.31 (m, IH, Ph-H), 8.33 (m, IH, Ph-H), 
8.48 (d, IH, J= 5.5 Hz, pyrimidmyl-H), 8.52 & 9.68 (br. s, IH, NH). 

5 

3,4-Dimethyl-5-[2-(3-nitro-phenylamino)-pyrimidm-4-ylJ-3H-thiazol-2-on^ [32] 
Brown crystals. Anal. RP-HPLC: t« = 17.8 min (0 - 60 % MeCN in 0.1 % aq CF3COOH 
over 20 min, 1 mUmin, purity > 97%). ^H-NMR (DMSO-d^) & 2.42 (s, 3H, CH3), 3.16 (s, 
3H, CH3), 6.92 (d, IH, /= 5.0 Hz, pyrimidinyl-H), 7.42 (d, IH, y = 8.0 Hz, Ph-H) 7.65 (m, 
10 IH, Ph-H), 7.88 (m, IH, Ph-H), 8.37 (d, IH, J= 5.0Hz, pyrimidinyl-H), 8.72 (br. s. IH, 
NH). 

5-[2-(4-Fluoro-phenylamino)-pyrimidin-4-yl]-3,4-dimethyl-3H-thiazol-2-one [33] 
CSray solid; ^H-NMR (DMSO-de) & 2.92 (s, 3H, CH3), 3.67 (s, 3H, CH3), 7.32 (d, IH, /= 
15 5.0 Hz, pyrimidinyl-H), 7.51 (m, 2H, Ph-H), 8.11 (m, 2H, Ph-H), 8.80 (d, IH, 5.0 Hz, 
pyrimidinyl-H). 

3A-Dimethyl-5-[2-(4-methyl-3-nitro-phenylamino)-pyrimidin-4-yl]-3H-M [36] 
Yellow solid; ^H-NMR (DMSO-ds) & 2.44 (s, 3H, CH3), 2.55 (s, 3H, CH3), 3.27 (s, 3H, 
20 CH3), 7.03 (d, IH, y = 5.0 Hz, pyrimidinyl-H), 7.40 (t, IH, J= 8.5 Hz, Ph-H), 7.84 (m, IH, 
Ph-H), 8.48 (d, IH, /= 5.0 Hz, pyrimidinyl-H), 8.59 (s, IH, Ph-H), 9.99 (br. s, IH, NH). 

5-[2-(4-Fluoro-3'methyl-phenylamino)-pyrimidin-4-yl]-3,4-dimethyl-^^ 
[37] 

25 Grey soUd; ^H-NMR pMSO-de) & 2.21 (s, 3H, CH3), 2.55 (s, 3H, CH3), 3.26 (s, 3H, 
CH3), 6.92 (d, IH, /= 5.0 Hz, pyrimidinyl-H), 7.04 (t, IH, J= 9.0 Hz, Ph-H), 7.48 (m, IH, 
Ph-H), 7.68 (m, IH, Ph-H), 8.40 (d, IH, J= 5.5 Hz, pyrimidinyl-H), 9.54 (br. s, IH, NH). 
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Example 1 1 

2-Chloro-4'guanidinO'benzoic acid ethyl ester 

A solution of 2-chloro-4-phenylguamdino-benzoic acid (1.17g, 4.0 mmol) in absolute 
EtOH (4 mL) was treated with cone. H2SO4 (1 mL). After refluxing for 2 h the reaction 
5 mixture was cooled and poured into ice water (5 mL). This solution was treated with 
ammonia solution (1 mL). The resulting precipitates were collected and washed with EtiO 
to afford the title compound as an off-white solid. ^H-NMR (DMS0-d6) ^: 131 (t, 3H, 7= 
7.1 Hz, CH3), 4.31 (m, 2H, CH2), 7.29 (m, IH, Ph-H), 7.43 (s, IH, Ph-H), 7.68 (br. s, 2H, 
NH2) and 7.85 (m, IH, Ph-H). 

10 

2'ChlorO'4-[4-(4-methyl-2-methylamino-thiazoU5-yl)-p^^ acid 
ethyl ester [29] 

A mixture of 2-chloro-4-guamdino-benzoic acid ethyl ester (0.76 g, 3.0 mmol) and 3- 
Dimethylamino-l-(4-methyl-2-methylan3ino-thiazol-5-yl)-propeno^^ (0.43 g, 2.0 mmol) in 

15 2-methoxylethanol (5 mL) was treated with NaOH (80 mg). After refluxing for 24 h the 
reaction mixture was concentrated. The resulting precipitates were collected and 
recrystallised from MeOH to afford the title compound (149 mg) as a gray solid. ^H-NMR 
(DMS0-d6) S: 1.35 (t, 3H, 7= 7.1 Hz, CH3), 4.36 (m, 2H, CH2), 6.94 (d, IH, 5.5 Hz, 
pyrimidinyl-H), 7.41-7.51 (m, 2H, Ph-H), 7.90 (s, IH, Ph-H), 9.36 (d, IH, J = 5.5 Hz, 

20 pyrimidinyl-H) and 9.56 (br. s, IH, NH). 

Example 12 

l-(2-Amino-4-methyUthiazol'5'yl)'ethanone 

A mixture of thiourea (5.18 g, 0.068 mol) in dry MeOH (20 mL) was stirred and cooled on 
25 an ice bath. Pyridine (2 mL) was added, followed by 3-chloro-2,4-pentadione (9.15 g, 
0.068 mol) dropwise. After completion of the addition the reaction mixture was allowed to 
warm to room temperature and stirring was continued for 4 h. The precipitates were 
filtered and washed with EtOAc to afford the title compound as a white solid. 
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W-[5-(3'DimethylaminO'acryloyl)'4'methyl^^^ 

A solution of l-(2-ammo4-methyl-thiazol-5-yl)-ethanone (3.35 g, 0.021 mol) in iV;iV^ 
dimethylfoimamide dimethylacetal (10 mL) was refluxed under N2 for 4 - 6 h. The 
reaction mixture was evaporated to dryness. EtOAc was added to the residue and the 
5 precipitates were collected by filtration and were washed with EtOAc/PE (5:1, v/v) to 
afford the title compound as an orange solid (50 - 79 %), ^H-NMR (CDCI3) d: 2.64 (s, 3H, 
CH3), 3.08 (s, 6H, CH3), 3.11 (s, 6H, CH3), 5.35 (d, IH, J- 12.2 Hz, CH), 7.67 (d, IH, 
12.2 Hz, CH), 8.23 (s, IH, N=CH). DE MALDI-TOF MS: [M+Hf = 267.49 (CizHigNfiOS 
requires 266.36). 

10 

[4'(2'Amino-4'methyUthiazol'5'yl)-pyrimidin'2-^^^ [30] 
A mixture of iV'-[5-(3-dimethylamino-acryloyl)-4-methyl-tMazol-2-yl]-iV^^ 
formamidine (2.19 g, 8.2 mmol) and 3-mtrophenyl guanidine nitrate (2.00 g 8.2 mmol) in 
2-methoxyethanol (10 mL) was treated with NaOH (0.33 g). After refluxing under N2 for 
15 20 h the reaction mixture was concentrated and purified by siUca-gel chromatography 
using EtOAc/PE (7:1) to elute the title compound as a light-yellow solid (1.95 g, 72 %), 
which was then recrystallised fi-om EtOAc/MeOH. ^H-NMR (DMSO-rfe) S: 3.13 (s, 3H, 
CH3), 7.02 (d, IH, J= 5.5 Hz, pyrimidinyl-H), 7.59 (m, 4H, Ph-H andNHa), 7.82 (m, IH, 
Ph-H), 8.16 (m, IH, Ph-H), 8.44 (d, IH, 7= 5.5 Hz, pyrimidinyl-H), 8.86 (br. s, IH, NH). 

20 

Example 13 

[4'(2-ChlorO'4-methyUthiazoU5-yiypyrmidin-^^ [35] 
A solution of [4-(2-methoxy-4-methyl-tMazol-5-yl)"pyrimidin-2-yl]-(3-mtro-phenyl^ 
amine (0.71 g, 2.0 mmol) in CHCI3 (2 mL) and DMF (0.14 mL) was cooled on an ice bath 
25 and was treated with SOCI2 (1.5 mL). The reaction mixture was wanned to room 
temperature and then heated at reflux for 1.5 h. The reaction mixture was concentrated, 
poured into ice water (3 mL), and extracted with CH2CI2. The organic phase was washed 
with brine, dried on MgS04, and filtered. The solvent was evaporated and the residue was 
recrystallised firom CH2CI2 to afford the title compound (61 mg) as a light yellow solid. 
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Anal. RP-HPLC: Ir = 22.7 min (0 - 60 % MeCN in 0.1 % aq CF3COOH over 20 min, 1 
mUmin, purity > 95 %). 'H-NMR (DMSO-de) S: 3.56 (s, 3H, CH3), 6.61 (d, IH, J= 5.5 
Hz, pyrimidinyl-H), 7.31 (t, IH, /= 8.2 Hz, Ph-H), 7.54 (m, IH, Ph-H), 7.81 (m, IH, Ph- 
H) and 8.32 (m, 2H, pyrimidinyl-H and Ph-H). 

5 

Example 14 

4-Acetyl-3,5-dimethyl-lK-pyrrole-2-carbonitrile 

Chlorosulfonyl isocyanate (1.60 mL, 18.38 mmol) in acetonitrile (10 mL) was slowly 
added to a suspension of l-(2,4-dimethyl-lfl"-pyrrol-3-yl)-ethanone (1.87 g, 13.63 mmol) 

10 in anhydrous acetonitrile (15 mL) and dimethylformamide (5.0 mL) at -5 "C. The reaction 
mixture was stirred for 2 h before allowing to warm to room temperature overnight. The 
reaction mixture was then extracted from ice/water (100 mL) into ethyl acetate (4 x 100 
mL). The organics were combined, washed with brine, dried over anhydrous magnesium 
sulfate and concentrated to yield a Hght brown soUd, which was re-crystaUised from 

15 diethyl ether to afford the title compound (1.52 g, 72 %). *H-NMR (de-DMSO) 8: 2.29 
(3H, s, CH3). 2.34 (3H, s, CH3), 2.41 (3H, s, COCH3), 12.34 (IH, s, NH). 

4-Acetyl-l, 3, 5-trimethyl-lK-pyrrole-2-carbonitrile 

A solution of 4-Acetyl-3,5-dimethyI-l//-pyrrole-2-carbonitrile (0.567 g, 3.5 mmol) in 
20 tetrahydrofiiran (5 mL) was added to a cooled (0 **C) slurry of sodium hydride (0. 1 68 g, 7.0 
mmol) in tetrahydrofiiran (5mL). The reaction mixture was heated to 40 "C and methyl 
iodide (350 fJiL, 5.25 mmol) was added and the reaction mixture stirred for 2 h. After 
cooling, the reaction was quenched with saturated aqueous sodium carbonate solution (50 
mL) and extracted into ethyl acetate (3 x 50 mL) before drying over anhydrous magnesium 
25 sulfate to afford the title compound as a yellow oil (0.443 g, 72 %) after removal of 
solvent. ^H-NMR (ds-DMSO) 8: 2.32 (3H, s, CH3), 2.37 (3H, s, CH3), 2.45 (3H, s, 
COCH3), 3.58 (3H, s, NCH3). 
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4'-(3-DmethylaminO'acryloyiyi, 3, S-trimethyUlH-pyrrole-l-carbonitrile 
4-Acetyl-13,5-trimethyl-lif-pyrrole-2-carboni1ril^ (0352 g, 2 mmol) was taken up in terf- 
butoxybis(dimethylamino)methane (496 /iL, 2.40 mmol) and heated at 75 for 22 h. The 
reaction mixture was dissolved in methanol (10 mL) and concentrated to yield a dark 
5 coloured oil. After addition of diethyl ether (20 mL), the dark brown solid product (0.442 
g, 95 %) was filtered off to afford the title compound. NMR (t/^rDMSO) 6: 2.20 (3H, s, 
CHs), 2.32 (3H, s, CH3), 2.80 & 3.07 (6H, s, N(CH3)2), 3.54 (3H, s, NCH3), 5.17 (IH, d, 
C=CH, J= 12.5 Hz), 7.45 (IH, d, C=CH, 12.5 Hz) . 

1 0 4-f2'(4-Dimethylamino-phefiylamino)-pyrimidm-4-ylJ -7, 3, 5-trimethyUlll-pyrrole-2' 
carbonitrile [38] 

4-(3-Dimethylamino-acryloyl)-l,3,5-trimethyl-li7-pyrrole-2-carbonitrU (0.1 15 g, 0.5 
mmol),iV^(4-dimethylamino-phenyl)-guanidine nitrate (0.120 g, 0.5 mmol), and potassium 
carbonate (0.139 g, 1.0 mmol) were combined in 2-methoxyethanol (4 mL) and the 

15 mixture was heated at 1 15 °C for 22 h. After cooling, the inorganics were filtered off and 
the filtrate was concentrated to dryness. The cmde product was purified by silica gel 
column chromatography to afiford the title compound (53 mg, 31 %). ^H-NMR (rf^DMSO) 
& 111 (3H, s, CH3), 2.42 (3H, s, CH3), 2.83 (6H, s, N(CH3)2), 3.63 (3H, s, NCH3), 6.68 
(2H, d, ArH, 7= 8.8 Hz), 6.71 (IH, d, ArH, 7- 5.4 Hz), 7.51 (2H, d, ArH, 8.8 Hz), 

20 8.35 (IH, d, ArH, •/= 5.4 Hz), 9.1 1 (IH, s, NH). ESI-MS: m/z 347 (M^ + 1). 

4'l2-(4-Dimethylamino-3-nitro-phenyl^ 
2'Carbonitrile [39] 

4-(3-Dimethylaniino-acryloyl)-l,3,5-trimethyl--lH-pyrrole-2-carbonitrile (0.1 15 g, 0.5 
25 mmol), i\r-(4-dimethylamino-3-nitro-phenyl)-guaDidine nitrate (0.143 g, 0.5 mmol), and 
potassium carbonate (0.139 g, 1.0 mmol) were combined in 2-methoxyethanol (4 mL) and 
the mixture was heated at 1 15 °C for 22 h. After cooling, the inorganics were filtered off 
and the filtrate was concentrated to dryness. The crude product was purified by silica gel 
column column to afford the title compound (76 mg, 39 %). ^H-l^OMR (i/^-DMSO) & 2.29 
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(3H, s, CH3), 2.43 (3H, s, CH3), 2.74 (6H, s, N(CH3)2), 3.64 (3H, s, NCH3), 6.84 (IH, d, 
ArH, 4.9 Hz), 7.23 (IH, d, ArH, /= 8.8 Hz), 7.78 (IH, dd, ArH, J= 8.8, 2.9 Hz), 8.38 
(IH, d, ArH, /= 2.9 Hz), 8.45 (IH, d, AiH, /= 4.9 Hz), 9.66 (IH, s, NH). ESI-MS: m/z 
392(1^+1). 

5 

Example 15 
GSK-Sp kinase assay 

GSK-3 was obtained from New England Biolabs (UK) Ltd., Hitchin, Herts. The 
recombinant enzyme was isolated from a strain of E. coli that carries a clone e^ipressing 
10 GSK-3P derived from a rabbit skeletal muscle cDNA library [Wang, QM.; Fiol, CJ,; 
DePaoli-Roach, A.A.; Roach, P.J. J. Biol Chem., 1994, 269, 14566]. Inhibition of GSK-3 

function was assessed by measurement of phosphorylation of CREB phosphopeptide 
KRREILSRRPphosphoSYR in the presence of test compounds. Using a 96-well assay 
format, GSK3 (7.5U) was incubated for 30 min at 30 "C in a total volume of 25 jjL in 20 

15 mM MOPS pH 7.2, 25 mM p-glycerophosphate, 5 mM EGTA, 1 mM DTT, 1 mM 
NasVOs, 40 \M CREB peptide, 15 mM MgCl2 and 100 pM ATP (containing 0.25 [iCi [y- 
P]-ATP) in the presence of varying concentrations of test compoxmd. The samples were 
transferred to 96-well p81 filter plates (Whatman Polyfiltronics, Kent, UK), and the plates 
were washed 4 times with 200 fiL/well of 75 mM aq orthophosphoric acid. Scintillation 

20 liquid (50 \xL) was added to each well, and incorporated radioactivity for each sample was 
determined using a scintillation counter (TopCount, Packard Mstruments, Pangboume, 
Berks, UK). 

CDK/cvclin kinase assays 
25 Compounds were investigated for their CDK2/cyclin E, CDK2/cyclin A, CDKl/cyclin B, 
and CDK4/cyclin Dl inhibitory activity. His6-tagged recombinant human cyclin-dependent 
kinases CDKl/cyclin Bl, CDK2/cyclin E, CDK2/cyclin A, and CDK4 were expressed in 
sf9 insect cells using a baculovirus expression system. Recombinant cycUn Dl was 
expressed in E, colL Proteins were purified by metal chelate affinity chromatography to 
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greater than 90 % homogeneity. Kinase assays were performed in 96-well plates using 
recombinant CDK/cyclins. Assays were performed in assay buffer (25 mM P- 
glycerophosphate, 20 mM MOPS, 5 mM EGTA, 1 mM DTT, 1 mM NasVOs, pH 7.4), into 
which were added 2 - 4 ^ig of active enzyme with appropriate substrates (purified histone 
5 HI for CDKl and CDK2, recombinant GST-retinoblastoma protein (residues 773-928) for 
CDK4). The reaction was initiated by addition of Mg/ATP mix (15 mM MgCl2 + 100 pM 
ATP with 30-50 kBq per well of [y-^^PJ-ATP) and mixtures incubated for 10 - 45 min, as 
required, at 30 °C. Reactions were stopped on ice, followed by filtration through p81 or 
GF/C filterplates (for CDK4) (Whatman Polyfiltronics, Kent, UK). After washing 3 times 

10 with 75 mM aq orthophosphoric acid, plates were dried, scintillant added and incorporated 
radioactivity measured in a scintillation counter (TopCount, Packard Instruments, 
Pangboume, Berks, UK). Compounds for kinase assays were made up as 10 mM stocks in 
DMSO and diluted into 10 % DMSO in assay buffer. Data was analysed using curve- 
fitting software (GraphPad Prisni version 3.00 for Windows, GraphPad Software, San 

15 Diego California USA) to determine IC50 values (concentration of test compound which 
inhibits kinase activity by 50 %.). 

Example 16 

Differentiation of L6 rat mvocvtes and 3T3 mouse adipocvtes 
20 Rat skeletal muscle myoblasts L6/G8.C5 were seeded at 2,4 x 10^ cells per 10 cm dish m 
DMEM 10 % foetal calf serum (PCS), containing penicillin/streptomycin. When 90 % 
confluence was reached the medium was exchanged with a MEM, supplemented with 2 % 
PCS and penicillin/streptomycin. Medium was rejfreshed every 48 hours and 4-7 days later 
the myocytes were formed 

25 

Mouse pre-adipocytes 3T3-F442A were seeded at 9 x 10^ cells per 10 cm dish in DMEM 
10 % PCS, containing penicilUn/streptomycin. When 90 % confluent, the same medium 
was supplemented with 1 jig/wL insuhn. After 3-5 days (when most cells were 
differentiated) insulin was removed and 4 days later the cells were ready to use. 
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Glycogen synthase (GS) assay 

Cells on 10 cm dishes (Human Embryonic Kidney (HEK) 293 cells, L6 rat myocytes, or 
3T3 mouse adipocytes) were treated with different concentrations of GSK3-inhibitors or 
DMSO vehicle for 90 min. Incubation medium was removed and cells were washed with 
5 ice-cold phosphate-buffered saline (PBS) prior to lysis on ice in 50 mM HEPES, pH 7.5, 
10 mM EDTA, 100 mM NaF, 5 mM DTT, protease inhibitor cocktail (Sigma). After a 
freeze/thaw cycle the samples are sonicated for 10 sec and centrifuged at 15,000 g for 10 
min at 4 °C. Lysate supematants were snap-frozen on liquid nitrogen and stored at -80 °C. 
Lysates were assayed for glycogen synthase activity in buffer (50 mM Tris-HCl, pH 7,8, 

10 20 mM EDTA, 25 mM NaF, 5 mM DTT, 1% glycogen, 0.3 mM UDP-glucose and 0.06 
liCi of [^^C]-UDP-glucose in the presence of 0.1 or 10 mM glucose-6-phosphate. The 
reaction was carried out for 30 min at 30 °C. 70 fiL of the reaction mixture (total volume 
90 fiL) were transferred to a GFC 96-well filter plate (bottom sealed with foil), containing 
140 /iL 96 % ethanol. The GFC plate was incubated for 1 h on ice and than washed with 66 

IS % ethanoL To each well 100 (iL scintillant liquid was added and ttie radioactivity of the 
samples was measured using a scintillation counter (Topcount, HP). Data are expressed as 
-fold increase in glycogra synthase activity ratios over those of control samples. 

The biological activity of the exempUfied compounds are simunarised in Table 2. 
20 Activation of cellular glycogen synthase activity by example compounds [20] and [21] is 
shown in Figure 1. 

Compounds [20] and [21] increased the activity of glycogen synthase in HEK293, rat 
myocyte, and mouse adipocyte cells, measured by the fractional reaction velocity of the 
25 enzyme (the ratio between the activity at 0.1 and 10 mM glucose-6 phosphate substrate 
concentrations). Both compounds increased the activity of GS in a dose-dependent manner. 
At 1 |LiM both compounds induced 2- and 4-fold activation of GS in myocytes and 
adipocytes, respectively. 
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Example 18 

Oral glucose tolerance test fOGTT^ 

For the OGTT male ZDF fa/fa rats (Charles River, USA), 10-11 weeks old, were used 
After 15 h fasting the animals were dosed intravenously with 5 mg/kg test compound in 
5 dosing vehicle, or with dosing vehicle (10 % DMSO, 90 % PEG-400) only at -270 and - 
30 min. At 0 min the rats were given 2 g/kg glucose by oral gavage. Plasma samples were 
taken before and every 15 min after the OGTT for determination of blood glucose. The 
results are shown in Figure 2. 

, 10 Compound [20] improved the glucose tolerance in ZDF rats significantly. Compoimd [20] 
decreased the reactive and absolute AUC by 39 and 22 %, respectively. Insulin levels also 
decreased after treatment with compound [20], suggesting that the glucose lowering effect 
is due to the improvement of the insulin resistance rather than increase of the insulin level. 
This confirms the proposed mechanism of action for GSK3 inhibitors. 

15 

Various modifications and variations of the described methods of the invention will be 
apparent to those skilled in the art without departing from the scope and spirit of the 
invention. Although the invention has been described in connection with specific preferred 
embodiments, various modifications of the described modes for carrying out the invention 
20 which are obvious to those skilled in chemistry or related fields are intended to be within 
the scope of the following claims. 



wo 2004/056368 



PCT/GB2003/005558 



46 



Table 1: Exemplified compounds 



Number 



Structure 



Name 




3,5-Dmiethyl-4'[2-(3-nitro-phenylamino)- 
pyriinidm-4-yl]-lH-pyiTole-2-carbomtrile 




4-[2-(4-Fluoro-phenylamino)-pyrimidin-4-yl]- 
3,5-dimethyl-lH-pyn:ole-2-carbonitrile 




4-[2-(4-Hydroxy-phenylamino)-pyrimidin-4-yl]- 
3,5-dimethyl-lH"pyrrole-2-carbomtrile 




3,5-Dimethyl-4-[2-(4-trifluoromethyl- 

phenylamino)-pyriimdiii-4-yl]-lH-pyrrole--2- 

carbonitrile 




4-[2-(4-Iodo-phenylamino)-pyrimidiii-4-yl]--3,5- 
dimetbyHH-pyrrole-2-carbomtrile 
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4-[2-(3-Hydroxy-phenylamino)-pyriinidin-4-yl] - 
3,5-dimethyl-lH-pyrrole-2-carbomtrile 



3,5-Dimethyl-4-[2-(4-methyl-3-nitro- 

phenylan±io)-pyriinidin-4-yl]-lH-pyrrole-2' 

carbonitrile 



4-[2-(3-Iodo-4-methyl-phenylamino)-pyriinidin- 
4-yl]-3,5-dimethyl-lH--pyrrole-2-carbomtrile 



4-[2-(4-Chloro-3-methyl-phenylaniino)- 

pyrimidin-4-yl]-3,5-dimethyl-lH-pyrrole-2- 

carbonitiile 



4-[2-(3-Hydroxy-4-methyl-phenylainino)- 

pyriinidin-4-yl]-3,5-dimethyl-lH-pyrrole-2- 

carbomtrile 



wo 2004/056368 



PCT/GB2003/005558 



48 





NC 

\-NH 


4-[2-(4-Fluoro-3-methyl-phenylainino)- 


11 


H 


pyrimidm-4-yl]-3,5-4imetiiyl-lH-py^ 




carbonitrile 




NC 

\-NH 

H 




12 


4-[2-(4-Dimethylaimno-phenylainino)-pyrmii(im 
4-yl]-3,5-dimethyl-lH-pyrrole-2-carbonitrile 








O 






HgN-A 

) — NH 




13 


4-[2"(4-Fluoro-phenylaiiiino)-pyrimidin--4-yl]- 


H 


3,5-diinethyHH-pyrrole-2-carboxylic acid amide 












O2N 

V-NH 




14 




[4-(2,4-Dimethyl-5-iiitro-lH-pyirol-3-yl)- 


H 


pyriimdin-2-yl]-(4-fluoro-pheayl)-amine 




O2N 

V-NH 


N44-(2,4-Dimethyl-5-mtro-lH-pyrrol-3-yl)- 


15 


H 


pyrimidin-2-yl]-N',N-dimethyl-beiizene-l,4- 




diamine 
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[4-(5-Bromo-2,4-dimethyl-lH-pyrrol-3-yl)- 
pyriimdin-2-yl]-(4-fluoro-phenyl)-amine 



[4-(5-Bromo-2,4-dimethyl-lH-pyrrol-3-yl)- 
pyriimdm-2-yl]-(3-ni1xo-phenyl)-aiiiine 



[4-(5-Cliloro-2,4-dimethyHH-pyrrol-3-yl)- 
pyriinidin-2-yl]-(4-fluoro-phenyl)-aiiiine 



[4-(5-Dimethylai3ndnomethyl-2,4-dimethyl- IH- 
pyrrol-3-yl)-pyrimidin-2-yl]-(4-fluoro-phenyl)- 
amine 



4-[2-(4-Dimethylainmo-3-mtro-phenylainino)- 

pyrimidin-4-yl]-3,5-dimethyl-lH-pyrrole-2- 

carbonitrile 
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21 




N^-[4-(2,4-Dmiethyl-5-mtro-lH-pyrrol-3-yl)- 

pyrimidin-2-yl]-N'^'-dimethyl-2-mtro-ben 

zene-l,4-diamine 



22 




4-[2-(3-Fluoro-4-methyl-phenylammo)- 

pyrimidin-4-yl]-3,5-(limethyl-lH-pyrrole-2- 

carbonitrile 



23 




5-[2-(4-Chloro-phenylamino)-pyrimidin-4-yl]- 
3,4-dimetiiyl-3H-thiazol-2-one 



24 




5-[2-(4-Methoxy-phenylainino)-pyrimidin-4-yl]- 
3,4-dimethjd-3H-thiazol-2-one 



25 




5-[2-(3-Hy<koxy-phenylamino)-pyiimi(lin-4-yl]- 
3,4-dimethyl-3H-thiazol-2-one 
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26 




5-[2-(4-Dimethylaimno-phenylaimno)-pyriinidm- 
4-yl]-3,4-dimethyl-3H-thiazol-2-one 



27 




(4-Fluoro-phenyl)-[4-(2-methyl-4-phenyl-lH- 
pym>l-3-yl)-pyriniidin-2-yl]-amme 



28 




5 - [2-(4-Fluoro-3 -mtro-phenylammo)-pyriinidin- 
4-yl]-3,4-dimethyl-3H-thiazol-2-one 



29 




OEt 



2-<:;Uoro-4-[4-(4-melhyl-2-methylamino-thiazol- 
5-yl)-pyrimidm-2-ylamino]-benzoic acid ethyl 
ester 



30 




[4-(2-Ammo-4-methyl-tWazol-5-yl)-pyrimidin-2- 
yl]-(3-mtro-phenyl)-amme 
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32 




3,4-Dimethyl-5-[2-(3-mtro-phenylamino)- 
pyrimidm-4-yl]-3H-thiazol-2-one 



33 



H 



5-[2-(4-Fliioro-phenylamino)-pyrimidm-4-yl]- 
3,4-dimethyl-3H-thiazol-2-one 



34 




5-[2-(4-Hydroxy-phenylamino)-pyrimidin-4-yl]- 
3,4-dimethyl-3H-thiazol-2-one 



35 



36 




[4-(5-Chloro-2,4-diinethyl-lH-pynol-3-yl)- 
pyrimidin-2-yl]-(3-mtro-pheaiyl)-amme 




3,4-Dimethyl-5-[2-(4-methyl-3-mtro- 
phenylammo)-pyrimidm-4-yl]-3H-thiazol-2-one 
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5-[2-(4-Fluoro-3-methyl-phenylamino)- 
pyrimidm-4-yl]-3,4-dimethyl-3H-thiazo 



4-[2-(4-Dimethylamino-phenylaiiimo)-pyriinidm- 
4-yl]-13,5-trimethyl-lH-pyn-ole-2-carbomtrile 



4-[2-(4-Dimethylamino-3-mtro-phenylainmo)-- 
pyriird(Kn-4-yl]-13>5-trimethyl-lH-pyrrole-2- 
carbonitrile 
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Table 2: Biological activity of exemplified compounds 



i 


Kinase inhibition IC50 (mM) 




-Fold induction of 
GS activity* 


Compoun( 


Q 


CDK2/E 


CDK2/A 


CDKl/Bl 


CDK4/D1 


Selectivi 


1 


0 91 


0.03 


n/d 


n/d 


0.25 


0.1 


3.0 


2 


n 1 s; 


0.09 


n/d 


n/d 


0.39 


0.6 


4.0 


3 


rt 10 


0.09 


n/d 


n/d 


0.14 


0.4 


1.6 


4 


9 A 


0.18 


n/d 


n/d 


2.5 


0.1 


n/d 


5 


1 < 
i . J 


0.55 


n/d 


n/d 


1.1 


0.4 


n/d 


6 


0 1 ^ 


0.04 


n/d 


n/d 


0.10 


0.2 


3.9 


7 




0.39 


n/d 


n/d 


0.58 


11 


3.0 


8 


1 5^ 
1.0 


0.86 


n/d 


n/d 


0.98 


0.5 


n/d 


9 




1.0 


n/d 


n/d 


4.0 


0.3 


n/d 


10 


n 9R 


0.15 


n/d 


n/d 


0.32 


0.5 


n/d 


11 


0 9Q 


0.05 


n/d 


n/d 


0.36 


0.2 


2.8 


12 


1 2 


0.54 


n/d 


n/d 


0.37 


0.5 


1.2 


13 


0 05 


0.22 


n/d 


n/d 


0.19 


4 


2.3 


14 


0 80 


0.06 


n/d 


n/d 


0.22 


0.1 


n/d 


15 


0 95 


0.96 


n/d 


n/d 


1.0 


1.0 


n/d 


16 


3.2 


0.55 


n/d 


n/d 


3.0 


0.2 


n/d 


17 


0 28 


0.37 


n/d 


n/d 


4.0 


1.3 


n/d 


18 


2.5 


0.73 


n/d 


n/d 


3.6 


0.3 


n/d 


19 


14 


0.14 


n/d 


n/d 


4.5 


0.01 


n/d 


20 


0.005 


0.15 


0.10 


0.05 


0.16 


30 


2.4 


21 


0.04 


0.14 


0.25 


0.30 


1.02 


3.5 


3.3 


22 


0.34 


0.76 


n/d 


n/d 


2.07 


2.2 


2.8 


23 


0.03 


0.29 


0.74 


1.96 


2.9 


10 


n/d 


24 


1.1 


0.76 


0.70 


0.97 


1.1 


0.7 


n/d 


25 


0.04 


0.09 


0.09 


0.51 


1.1 


2.3 


n/d 


26 


0.64 


1.5 


0.75 


2.47 


0.95 


2.4 


n/d 


27 


0.50 


>50 


n/d 


n/d 


n/d 


>100 


1.8 


28 


0.002 


0.17 


0.08 


1.03 


1.8 


85 


n/d 


29 


0.37 


0.10 


n/d 


n/d 


n/d 


0.3 


n/d 


30 


0.22 


0.0002 


n/d 


n/d 


0.41 


0.001 


n/d 


32 


0.0007 


0.06 


n/d 


n/d 


0.23 


86 


5.4 


33 


0.02 


0.12 


n/d 


n/d 


1.12 


6.7 


n/d 


34 


0.09 


0.05 


n/d 


n/d 


0.60 


0.5 


1.8 
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35 


0.0007 


0.01 


n/d 


n/d 


0.58 


13 


n/d 


36 


0.03 


0.11 


n/d 


0.20 


n/d 


4.5 


3.0 


37 


0.05 


0.13 


n/d 


1.10 


n/d 


2.7 


3.5 


38 


0.12 


1.1 


0.93 


2.8 


1.3 


9.2 


1.3 


39 


0.019 


0.16 


0.22 


0.18 


1.4 


8.4 


3.0 



ICso (CDK2/E) / ICso (GSK3^ 



* Jd. HEK293 cells at [compound] = 5 
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CLAIMS 



1 . Use of a compound of foramla I, or a phaimaceutically acceptable salt thereof. 



(A) one of X and Y is S, and the other is N; or 

one of X and Y is NH or N-R^ and the other is C-R^; 
"a" is a single bond; 

"b'', "c'', "d", "e" and are single or double bonds so as to form a heteroaryl ring; 
is is R^ with the proviso that R^ is other than H or Me; or 

(B) one of X and Y is S, and the other is NH or N-R^ 
"a'* and "d" are each double bonds; 

"b", "c", "e" and are each single bonds; 
R^ is oxo; and 

R^R^R^R^andR^ are each indq)endently H or R^; 

is a group (CH2)n-R^» wherein n is 0, 1, 2, 3 or 4 and wherein R* is selected from alkyl, 
aryl, heteroaryl, heterocycloalkyl, F, CI, Br, I, CF3, NO2, CN, OH, 0-alkyl, 0-aiyl, O- 
heteroaryl, 0-heterocycloalkyl, CO-alkyl, CO-aryl, CO-heteroaryl, CO-heterocycloalkyl, 
COO-alkyl, NH2, NH-alkyl, NH-aryl, N(alkyl)2, NH-heteroaryl, NH-heterocycloalkyl, 
COOH, CONH2, CONH-alkyl, C0N(alkyl)2, CONH-aryl, CONH-heteroaryl, CONH- 




H 



I 



wherein 
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heterocycloalkyl, SO3H, SOa-alkyl, SOi-aryl, SOa-heteroaryl, S02-heterocycioalkyi, 
SO2NH2, S02NH-alkyl, S02N(alkyl)2, S02NH-aryl, SOsNH-heteroaryl, or SO2NH- 
heterocycloalkyl, wherein said alkyl, aryl, heteroaryl, and heterocycloalkyl groups are 
optionally substituted with one or more groups selected from halogeno, NO2, OH, O- 
methyl, NH2, COOH, CONH2 and CF3; 

in the preparation of a inedicament for treating diabetes. 

2. Use according to claim 1 wherein said compound is of formula la. 



whCTein 

one of X and Y is N and the other is S; or 
one of X and Y is NH or N-R^ and the other is C-R^; 
R^ is R^ with the proviso that R^ is other than H or Me. 
R^"^ are as defined in claim 1 . 

3. Use according to claim 2 wherein X is N and Y is S; or X is NH or N-R^ and Y is 



R 




H 



la 
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4. Use according to claim 2 or claim 3 wherein: 

is selected from CN, CONH2, NO2, halo, CH2N(alkyl)2, 0-alkyl, NH2 and NH- 
alkyl; 

is selected from NO2, H, OH, halo and alkyl; 
R^ is selected from H, halo, OH, CF3, alkyl, N(alkyl)2, 0-alkyl, heterocycloalkyl 
and COO-alkyl; 
R'* is alkyl; 
R^ is H or alkyl; and 
R^ is alkyl. 

5. Use according to any one of claims 2 to 4 wherdn: 

R* is selected from CN, CONH2, NO2, Br, CI, OMe, CH2NMe2, MH2 and NHMe; 
R^ is selected from NO2, H, OH, I, Me, F and CI; 

R^ is selected from H, F, OH, CF3, 1, Me, CI, NMe2, OMe, morpholino and COOEt; 

R'^ is Me; 

R^ is H or Me; and 

R^'isMe. 

6. Use according to any one of claims 2 to 5 wherein X is NH or N-R^ and Y is C-R^. 

7. Use according to claim 6 wherein: 

R^ is selected from CN, CONH2, NO2, halo and CH2N(alkyl)2; 

R^ is selected from NO2, H, OH, halo and alkyl; 

R' is selected from H, halo, OH, CF3, alkyl and N(alkyl)2; 

R'^ is alkyl; 

R^ is H or alkyl; and 

R^ is alkyl. 
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8. Use according to claim 7 wherein: 

is selected from CN, CONH2, NO2, Br, CI and CH2NMe2; 

is selected from NO2, H, OH, I, Me and F; 
R^ is selected from H, F, OH, CF3, 1, Me, CI and NMe2; 
R'^isMe; 
R^ is H or Me; and 
R^isMe. 

9. Use according to claim 8 wherein: 
RMsCNorC01SIH2; 
R^isN02orH;and 

R^ is For Me. 

10. Use according to any one of claims 2 to 5 wherein X is N and Y is S. 

1 1 . Use according to claim 1 0 wherein: 

R^ is selected from halo, NH2 and NH-alkyl; 
R^ is selected &om NO2, H, OH, halo and alkyl; 

R^ is selected from H, halo, OH, alkyl, N(alkyl)2, O-alkyl, heterocycloalkyl and 
COO-alkyl; and 
R^ is alkyl. 

12. Use according to 11 wherein: 

R^ is selected from CI, ISIH2 and NHMe; 

R^ is selected from NO2, H, OH, Me and CI; and 

R^ is selected from H, F, OH, Me, CI, NMe2, OMe, moiphohno and COOEt; and 
R'* is methyl. 
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1 3 . Use according to claim 12 wherein: 
R^isHorN02;and 

is CI or F. 

14. Use according to claim 1 wherein said compound is of formula lb 




lb 



wherein one of X and Y is S, and the other is NH or N-R^; and 
are as defined in claim 1. 

1 5. Use according to claim 14 wherein: 

is selected from H, OH, NO2 and alkyl; 

is selected from H, halogen, alkoxy, alkyl, N-(alkyl)2 and OH; and 
R^andR^ are each independently alkyl. 

16. Use according to claim 15 wherein: 

R^ is selected from H, OH, NO2 and Me; 

R^ is selected from H, CI, F, OMe, Me, NMea and OH; and 

R"^ and R^ are both Me. 

17. Use according to any one of claims 1 to 16 wherein said compound of formula I is 
' selected from the following: 
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3,5-DimethyM-[2-(3-mtro-phenyramin6)-py^^ [1]; 
4-[2-(4-Fluoro-phenylainino)-pyi±mdm-4-yl] lH-pyrrole-2-carbomtrile [2] ; 

4-[2-(4-Hydroxy-phenylamino)-pyrimidin-4-^^^ 
[3]; 

3,5-Dimethyl-4-[2-(4-trifluoromethyl-phenylamino)-pyr^ 
carbonitrile [4]; 

4-[2-(4 Jodo-phenylainino)-pyriniidin-4-yl]-3,5-dimethy [5] ; 

4-[2-(3-Hydroxy-phenylamino)-pyrimidin-4-yl]-3,5-dime&^^ 

[61; 

3,5-Dimethyl-4-[2-(4-me%l-3-mtro-phenylammo)-pyrm 
carbonitrile [7]; 

4-[2-(3Jodo-4-methyl-phenylaimno)-pyriinidm-4-y^^ 
carbonitrile [8]; 

4-[2-(4-Chloro-3-naethyl-phenylanuno)-pyriniidin-4-yl]-3,5-dimethy^ 
carbonitrile [9]; 

4-[2-(3-Hydroxy-4-methyl-phenylamino)-pyrimidin-4-yl]-3,5-dim^ 
carbonitrile [lOJ; 

4-[2-(4-Fluoro-3-niethyl-phenylamino)-pyriniidin-4-yl]-3,5-dim 
carbonitrile [11]; 

4-[2-(4~Dimethylaniino-phenylainino)-pyriniidin-4-yl]-3,5-d^ 
carbonitrile [12]; 

4-[2-(4-Fluoro-phenylaniino)-pyrimidin-4-yl]-3,5-dimethyl-m acid 
amide [13]; 

[4-(2,4-Diniethyl-5-mtro-lH-pyrrol-3-yl)-pyrimidin-2-yl]-(4-fluo [14]; 

N-[4-(2,4-Dimethyl-5-nitro-lH-pyrrol-3-yl)-pyrimidin-2-yl]-N*^^^ 

diamine [15]; 

[4-(5-Bromo-2,4-dimethyl-lH-pyn'olO-yi)-pyrimidin-2-yl]-(4-fl^^ 

[4-(5-Bromo-2,4-dimethyl-lH-pyn'ol-3-yl)-pyrinudin-2-yl]-(^ 

[4-(5-CWoro-2,4-dimethyl-lH-pyn:ol-3-yl>pyriniidin-2-yl]-^^^ 
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[4-(5-Dimethylaininomethyl-2,4-dimethyl-lH-py^ 
phenyl)-amine [19]; 

4-[2-(4-Dimethylamino-3-iiitro-phenylainino)-pyri^ 
carbonitiile [20]; 

N^"[4-(2,4-Dimethyl-5-mtro-lH-pyrrol-3-yl)-pyr^ 
benzene- l,4-(iiamine [21]; 

4- [2-(3-Fluoro-4-methyl-phenylamino)-pyrimidin-4-yl]-3,^ 
carbonitrile [22]; 

5- [2-(4-CUoro-phOTylamino)-pyrimidm-4-yl]-3,4-dime&^^ [23]; 
5-[2-(4-Methoxy-phenylaimno)-pyiimdin-4-yl]-3,4-dm [24]; 
542-(3-Hydroxy-phenylainino)-pyrimidin-4-yl]-3,4-dmieA^ [25]; 
5-[2-(4-Dimethylaniino-phenylaniino)-pyriniidin-4-yl]-3,4-dim 

[26]; 

(4-Fluoro-phenyl)-[4-(2-methyl-4-phenyl- lH-pyrrol-3-yl)-pyrimidin-2-yl]-aniine [27] 
5-[2-(4-Fluoro-3-nitro-phenylammo)-pyrimidin-4-yl]-3 [28]; 
2-CUoro-4-[4-(4-metiiyl-2-niethylamino-tiiiazol-5-yl)-pyr^ acid 
ethyl ester [29]; 

[4-(2-Ainino-4-nie&yl-thiazol-5-yl)-pyrimidm-2-yl]-( [30]; 
3,4-Dimethyl-5-[2-(3-mtro-phenylamino)-pyrimidin-4-yl]-3H-thia^^ [32] ; 

5-[2-(4-Fluoro-phenylamino)-pyriniidin-4-yl]-3,4-dimethyl-3H-^ [33] ; 

5-[2-(4-Hydroxy-phenylamino)-pyriirddin-4-yl]-3,4-dim [34] ; 

[4-(2-Chloro-4-methyl-tMazol-5-yl)-pyrimidin-2-yl]-(^ [35] ; 

3,4-Dunethyl-5-[2-(4-melJiyl-3-nitro-phenylainmo)-pyi^ 
[36]; 

(4-Fluoro-3-methyl-phenyl)-[4-(2-methoxy-4-methyl-thiazol"5"yl)-py^^ 
[37]; 

4-[2-(4-Dimethylainino-phenylanuno)-pyriinidm-4^ 
carbonitrile [38]; and 
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4-[2-(4-Dimethylamino-3-mtro-phenylaimno)-py^ 
2-carbonitrile [39]. 

18. Use according to claim 17 wherein said compoimd is selected from the following: 
3,5-Dimethyl-4-[2-(3-mtrO"phenylamino)-pyrimidin-4-yl]-lH-py^ [1]; 
4-[2-(4-Fluoro-phenylamino)-pyriniidin-4-yl]-3,5-dimethyl-lH-pyn*ole-2-carbom [2]; 
4-[2-(3-Hydroxy-phenylamino)-pyrimidin-4-yl]0,5-dimethyl-lH-py^^ 
[61; 

3,5-Dimethyl-4-[2-(4-methyl-3-nitro-phenylaiiiino)-pyriniidi^ 
carbonitrile [7]; 

4-[2-(4-Fluoro-3-methyl-phenylamino)-pyriniidin-4-yl]-3,5-dimethyl-l/^^^ 
carbonitrile [11]; 

4-[2-(4-Dimethylatnino-phenylamino)-pyriniidin-4-yl]-3,5-dimethyl-lJ^^^ 
carbonitrile [12]; 

4-[2-(4-Fluoro-phenylamino)-pyrimidin-4-yl]-3,5-dimethyl-lH-py^ acid 
amide [13]; 

4- [2-(3-Fluoro-4-methyl-phenylamino)-pyrinMdin-4-yl]-3,5-dimethyl-lH-py^ 
carbonitrile [22]; 

(4Tluoro-phenyl)-[4-(2-methyl"4-phenyl-lH-pyn'ol-3-yl)-pyriniidin-2-yl]-an^ [27]; 
3,4-Dimethyl-5-[2-(3-nitro-phenylamino)-pyrimidin-4-yl]-3H-thiazol"2--one [32]; 

5- [2-(4-Hydroxy-phenylamino)-pyrimidin-4-yl]-3 ,4-dimethyl-3H-thiazol-2-one [34] ; 
3,4-Dimethyl-5-[2-(4-methyl-3-nitro-phenylamino)-pyriniidin-4-yl]-3H^ 

[361; 

5-[2-(4-Fluoro-3-methyl-phenylamino)-pyrinaidin-4-yl]-3,4-4imeA^^ 
[37]; 

4-[2-(4-Dimethylamino-phenylamino)-pyrimidin-4-yl]-l,3,5-trimethyl-l^ 
carbonitrile [38]; and 

4-[2-(4-Dimethylainino-3-mtro-phenylaniino)-pyriniidin-4-yl]-l,3,5- 
2-carbonitrile [39]. 
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19. Use according to claim 17 wherein said compound is selected from the following: 
3,5-Dimethyl-4-[2-(4-methyl-3-nitro-phenylaniino)-pyrinudin"^^ 

carbonitrile [7]; 

4- [2-(4-Fluoro-phenylaniino)-pyrinddin-4-yl]-3,5-dimethyl-lH-py^ acid 
amide [13]; 

(4-Fluoro-phenyl)-[4-(2-methyl-4-phenyl- lH-pyrrol-3-yl)-pyriniidin-2-yl]- [27] ; 
3,4-Dimethyl-5-[2-(3-nitro-phenylamino)-pyrimidin-4-yl]-3H-thiazol-2-one [32] ; 
3,4-Dimethyl-5-[2-(4-methyl-3-nitro-phenylamino)-pyrinMdin-4-yl]-3H-thi^^ 
[36]; 

5- [2-(4-Fluoro-3-methyl-phenylamino)-pyrimidin-4-yl]-3,4-dimethyl-3H-tlu 
[37]; 

4-[2-(4-Dimethylaniino-phenylaniino)-pyrimidin-4-yl]-13,5-trimethyl-lH-py^ 
carbonitrile [38]; and 

4-[2-(4-Dimethylamino-3-nitro-phenylamino)-pyrimidin-4-yl]-l,3,5-trimethyl-l^ 
2-carbomtrile [39]. 

20. Use according to any preceding claim wherein the diabetes is Type n diabetes. 

21. Use of a compound of formula I, or a pharmaceutically acceptable salt thereof, as 
defined in any one of claims 1 to 19 in the preparation of a medicament for treating a CNS 
disorder. 

22. Use according to claim 21 wherein the CNS disorder is Alzheimer's disease. 

23. Use according to claim 21 wherein the CNS disorder is a bipolar disorder. 

24. Use of a compound of formula I, or a pharmaceutically acceptable salt thereof, as 
defined in any one of claims 1 to 19 in the preparation of a medicament for treating a 
cardiovascular disorder. 
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25. Use according to claim 24 wherein the cardiovascular disorder is myocardial 
infarction. 

26. Use of a compound of formula I, or a pharmaceutically acceptable salt thereof, as 
dejBned in any one of claims 1 to 19 in the preparation of a medicament for treating a 
stroke. 

27. Use of a compound of formula I, or a pharmaceutically acceptable salt thereof, as 
defined in any one of claims 1 to 19 in the preparation of a medicament for treating 
alopecia. 

28. Use according to any preceding claim wherein said compoxmd of formula I, or 
pharmaceutically acceptable salt thereof, is admixed with a pharmaceutically acceptable 
diluent, excipient or carrier. 

29. Use according to any preceding claim wherein said compoxmd of formula I is 
administered in combination with one or more other active agents. 

30. A method of treating a GSK3-dependent disorder, said method comprising 
administering to a subject in need thereof, a compound of formula I, or a pharmaceutically 
acceptable salt thereof, as defined in any one of claims 1 to 19 in an amount sufficient to 
inhibit GSK3. 

31. A method according to claim 30 wherein the compound of formula I, or 
pharmaceutically acceptable salt thereof, is administered in an amount sufficient to inhibit 
GSK3/3. 

32. A method according to claim 30 or 31 wherein the GSK3-dependent disorder is 
selected from diabetes, a CNS disorder, a cardiac disorder, stroke and alopecia. 
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33. A method of inhibiting GSK3 in a cell comprising contacting said cell with an 
amoimt of a compound of fomiula I, or a phamiaceutically acceptable salt thereof, such 
that GSK3 is inhibited in said cell 

34. A method of treating diabetes comprising inhibiting GSK3 by administering to a 
subject in need thereof, a therapeutically effective amount of a compound of formula I, or a 
pharmaceutically acceptable salt thereof, such that treatment of diabetes occurs. 
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GS activity in HEK293 celis 




Compound 21 



□ SUM 
m uM 

□ 0.5 uM 
□0.1 uM 
■0.02 uM 
□OuM 



Compound 20 
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